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Paper No. 1115. 
METHODS AND MEANS OF SMOKE ABATEMENT 

Paper Read before the Club October 5, 1912 

By MR. O. R. McBRIDE. 

Pittsburgh. Pa. 

The object of the investigation which is being made by the 
Department of Industrial Research of the University of Pitts- 
burgh is to improve the conditions of the city. The slogan of 
every loyal Pittsburgher is, ** Pittsburgh Promotes Progress." In 
line with this a citizen of Pittsburgh, without expecting any 
personal gain other than that which comes to every inhabitant 
from each improvement in the city, and seeking no glory, gen- 
erously offered to finance an investigation of the smoke problem. 
He \\'ished this investigation to be more thorough than any other 
ever made, therefore he placed the problem in the hands of the 
Industrial Research Laboratory of the University of Pittsburgh, 
together with the necessary funds for a thorough and exhaustive 
study* of the problem. A large staff of experts has been appointed, 
each to make a study of the particular phase of the problem for 
which his experience and training fit him. 

Physicians are securing data as to the effect of smoke and soot 
on the health of the individual who must live in a smoky atmos- 
phere. Architects are determining in just what way and how 
much the presence of smoke and soot affects their work. A meteor- 
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ologist is studying the relation of smoke and soot and the weather, 
with special reference to fogs and sunshine, fogs being increased 
both in intensity and number, and sunshine decreased in intensity 
and total duration. A botanist is carrying on some special investi- 
gations into the effect of smoke and soot on plant life. Economists 
are making an exhaustive study of the increase in the cost of 
living on account of the presence of smoke and soot. A chemist 
and a physicist are studying the nature of smoke and soot. A 
lawyer is making a study of the legal side of the smoke abatement 
question in order that an ordinance can be drawn that will be 
proof against the attacks of the defendants council should it so 
happen that the courts need be appealed to to bring about an 
abatement in any particular case. We are optimistic, but not 
to the point where we think we can dispense with an effective 
legal club. 

But most important of all is the study of the smoke abatement 
question from the engineer's standpoint. All the other work, 
except the lawyer's, shows the evil effects and proves that smoke 
is a nuisance. The engineer must answer the questions, **What 
can I do to eliminate the smoke from my stack?" and, **Will it pay 
meT' The latter question must be answered, and in the aflSrma- 
tive, before the first will be asked, in most cases. 

Smoke is a nuisance, considered from every standpoint except 
one. That one is from the point of view of the manufacturer of ^ 
soap and other cleaning materials. A soap manufacturer said to 
us, **We're in favor of smoke. The more smoke the more soap," 
and added, **It is purely selfish in us." He was not anxious that 
smoke be made in his own plant, however. 

The engineer who studies the combustion problem knows that 
smoke is expensive to the owner of the furnace. The physician 
knows that certain diseases are more prevalent in a smoky atmos- 
phere, especially pneumonia, catarrhs, colds and other afflictions 
of the throat, nose and lungs. The economist knows that the 
cost of living is increased by smoke and soot, the extra expense 
coming in many ways. We have heard the statement that laundry 
bills, bills for cleaning of all kinds, and the work for the house- 
keeper are all increased, called **an old woman's argument," 
which is simply admitting that his argument cannot be refuted. 

' ' The city is clean to what it used to be. " * * Our stack does not 
smoke." **We are not making any smoke." These statements and 
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others like them are made to us time and time again, making: it 
necessary to prove that a smoky condition exists. To prove that 
is easy — just observe the stacks, or look for the sky line. Also 
take a few pictures after returning from a clean city. We took 
the simplest method— observing the stacks — in which method we 
could put figures in our records and are proving all the time that 
too much smoke is being made. 

In prescribing the remedy for any particular plant, we must 
be able to diagnose the case and to say just what is the matter. 
We, therefore, go into the plants and make a thorough examina- 
tion of the furnaces. It is our endeavor to get as complete data 
from the plant as possible. We get as many dimensions of the 
furnace as we can, in order to be able to duplicate it if desired. 
We get data as to the amount of coal used, draft measurements, 
etc. We also notice if the plant is apparently run eflBciently, 
whether the fires have holes in them or not and anything else that 
we think could affect the eflBciency and smoke production. When 
we have as much of this data as w^e can get, we draw our conclu- 
sions. If the engineer or superintendent asks us for our advice 
we give it, otherwise we hold our peace. We have no connection 
with the city smoke inspector's oflSce, and have no authority to 
force our opinions on any one. 

Combustion is the union of the combustible substance or fuel 
with oxygen, accompanied by the evolution of light and heat. 
The available fuels consist mostly of carbon, either fixed carbon 
or volatile matter. Bituminous or soft coal is the principal fuel 
we have to deal with in Pittsburgh. The volatile matter is mostly 
heavy hydro-carbons, and these are distilled or driven off at a 
temperature much below the ignition point of carbon or of the 
chemical compounds of carbon and hydrogen. It is this volatile 
matter which is responsible for the smoke and it is this volatile 
matter which makes necessary the special constructions of the 
furnace as well as the extraordinary care on the part of the fire- 
man if it is to be burned smokelessly and efficiently. Pittsburgh, 
being in the heart of the best soft coal district in the United 
States, ^^^ll use this fuel and we must answer all questions as to 
how it is to be used efficiently and at the same time avoid smoke. 
Tt is fortunate for us that in general, efficiency and smokelessno<^\s 
go hand in hand. 

The most efficient furnace is that furnace in which the losses 
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are reduced to a minimum and the heat gotten from the fuel is 
applied where it is wanted. If it is a boiler furnace you want 
your heat to make steam. If it is a metallurgical furnace you use it 
to heat the steel, iron or whatever you are working. The problem is 
then to reduce your losses to the lowest practicable figure. 

Heat is lost in some of four ways, viz.: Imperfect combustion, 
sensible heat carried away by the waste gases, unbumed carbon in 
the ash and radiation. 

When carbon is completely burned or to carbon dioxide 14,500 
B. T. U. are given out per pound of carbon. When it is burned 
to carbon monoxide only 4,450 B. T. U. are given out, or a loss of 
10,050 B. T. U. for every pound of carbon burned to carbon mon- 
oxide. The U. S. Geological Survey (now the U. S. Bureau of 
Mines) has shown that for every one-tenth per cent, increase in 
carbon monoxide in the flue gases there is a decrease of two per 
cent, in the efficiency of a boiler plant, and that a smoky stack is 
an indication that carbon monoxide is present in the flue gases. 
They have also shown that the presence of carbon monoxide indi- 
cates the presence of unburned hydrogen and some hydro-carbons. 
On account of the large losses due to incomplete combustion every 
effort should be made to avoid this condition in the furnace. 
•Porter and *Ovitz give the loss when the stack is smoking from 
three to ten per cent, of the heat in the fuel. 

If the owner of a plant should take a walk through his plant and 
see unburned carbon in the ash pile and on investigation found 
the amount of carbon was equal to the amount of ash, probably 
some one soon w^ould be seeking employment elsewhere. 

The higher figures given above would be more loss than if the ash 
pile were one-half unburned coal. 

It is just as easy to have this same loss or even a greater loss 
and yet have no smoke. We would not think that a plant is effi- 
cient if the carbon dioxide per cent, in the flue gases falls to ten, 
which means that over twice as much air is passing through the 
furnace than is theoretically necessary for complete combustion. 
We analyzed some flue gases recently and the carbon dioxide w^as 
only a little above six per cent. The difference between six and 
ten per cent, in COj means a preventable loss of over ten per 
cent, of the heat liberated, flue gases being taken at 550® F and 
air at 90^ 
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This loss of sensible heat carried away by the waste gases in 
the average plant is very large. In a test we witnessed recently 
the temperature of the flue gases just after leaving the last pass 
of a boiler was fifty degrees F. higher than that of the steam in the 
boiler. In average good practice this difference in temperature is 
found to be from one-hundred and fifty to two hundred and fifty 
degrees F. It is important to make this difference as small as 
possible as the heat loss from this cause increases with the tem- 
perature. 

It is also important that the percentage of CO2 be made as high 
as possible and at the same time avoid smoke. The theoretical 
amount of air necessary for complete combustion is very nearly 
twelve pounds per pound of carbon. If perfect combustion could 
be obtained \¥ith this amount the percentage of carbon dioxide 
would be twenty and seven-tenths, or the percentage by volume 
of oxygen in the air. It is not practicable, in most cases, to secure 
complete combustion with less than thirty-five to forty per cent, 
excess, due to the inability to secure a perfect mixture of the 
gases and the short time allowed for combustion. With forty per 
cent, excess of air we get fourteen and one-half per cent, carbon 
dioxide. With one hundred per cent, excess air we get ten and 
thirty-five one-hundredths per cent, carbon dioxide. With two 
hundred per cent, excess air the percentage drops to slightly below 
seven per cent, carbon dioxide. When the carbon dioxide per- 
centage drops to between four and five per cent. — a condition not 
unusual — there is passing through the furnace from four and two- 
tenths to five and two-tenths as much air as is theoretically re- 
quired. Just consider the loss due to heating forty or fifty 
pounds of air five hundred degrees F. for each pound of coal 
burned! This represents avoidable loss of about five thousand 
of the fourteen thousand five hundred B. T. U. in the pound of 
coal. Is thirty-five per cent, of your coal bill worth saving? It 
is for you to decide how much you can afford to spend, to save 
it if such conditions exist in your plant. We have been in many 
plants in which it would pay the owner large dividends to have an 
expert on combustion do nothing else than look to the carbon 
dioxide content of the flue gases and work for an increase in its 
percentage. 

Unbumed carbon in the ash represents a comparatively small 
loss, ordinarily. If it is large it will be seen on a close examination 
of the ash. 
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Radiation from the setting and boiler surface can be reduced by 
proper insulation. This loss cannot be entirely eliminated but can 
be very much reduced. 

It is seen from the above that the large losses to be eliminated 
or reduced are those accompanying the production of smoke or 
occuring when large volumes of excess air are passing through the 
furnace. To secure the highest efficiency the air supply should be 
regulated between rather narrow limits. The best way to do this 
is to make flue gas analysis a part of th^ daily routine of the plant 
Work for a high carbon dioxide percentage and avoid smoke. 

As it is the volatile matter in the coal that is responsible for the 
smoke, its presence in the fuel should be kept in mind when con- 
sidering the method of operation to be used, as well as when the 
kind of furnace is to be decided upon. 

The types of furnaces which burn anthracite coal to the best 
advantage are not satisfactory in using bituminous coal. To suc- 
cessfully bum soft coal, that is, efficiently and smokelessly, the fur- 
nace needs modifications. Means must be provided to meet the 
following conditions: 

1. The proper amount of air at all times. 

2. Provision for mixing air and volatile matter, providing time 
and space for combustion to take place, making allowance for the 
expansion of the large volume of gases. 

3. Maintaining a high temperature in fire box and combustion 
chamber. • 

Under any method of hand firing the rate at which the volatile 
matter is driven off is exceedingly variable, requiring a proportion- 
ately variable amount of air for its combustion. Even if the proper 
proportions could be maintained it would be of little avail in pre- 
venting incomplete combustion and production of smoke, unless 
suitable provision is made for mixing these gases, providing space 
for combustion to take place in, and allowing sufficient time. All 
this would not produce the desired results unless at the same time 
the temperature of these mixed gases is maintained at a point 
above the ignition temperature of tlie chemical compounds of hy- 
drogen and carbon forming the volatile part of the fuel. The 
ignition temperature of these gases is in the neighborhood of 
thirteen hundred degrees Fahrenheit. 

The conditions in the ordinary hand fired furnace, usually do 
not conform to the above requirements. Ordinarily the fireman 
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throws in quite a large charge of coal at one time and he is not so 
very careful where he places it. Large quantities of the hydro- 
carbons are driven off in a very short time, the rate at which they 
are driven off, being greatest very shortly after the coal is placed 
in the furnace, and becoming less and less as the coal is coked. 
No hand operated or automatic device has successfully met the 
demand for so variable quantity of air, therefore the first men- 
tioned condition is not had. 

The ordinary boiler is set too low. If it is a return tubular 
boiler there may be found a comparatively large combustion cham- 
ber back of the bridge wall. If piers, wing- walls or other fire brick 
constructions are found in the combustion chamber, the gases must 
take a circuitous path and will become more or less thoroughly 
mixed. Combustion chambers built in this manner are occasionally 
found. If in good condition and constructed accordingly to a good 
design, smokeless operation may be had. Care must be taken, how- 
ever, that the openings or ports in these piers, wing-walls, etc., are 
so placed and proportioned that the ash carried over the bridge 
wall will not obstruct the passages for the products of combustion. 
Several cases have been found where this trouble had been expe- 
rienced. In addition the cleaning out of the combustion chamber 
was a very difficult operation, on account of the ash and dust fusing 
into a glassy cinder on account of the high temperature. 

If the combustion chamber is small and the path of the gases 
comparatively straight there will not be allowed time nor space 
for combustion to take place. If the hand fired furnace is under a 
water tube boiler, vertically baffled, and no coking arch or dutch 
oven used, the path of the gases is very short and little time is 
allowed for combustion. 

If the furnace is lacking adequate space, smoke results from the 
too quick cooling of the gases. The gases, if they come in contact 
with the surface of the boiler before combustion is complete, will 
be cooled much below the ignition temperature. It makes no differ- 
ence as to how the temperature is lowered or kept low, the result 
is the same. 

You are all familiar with the three systems of firing intended 
for prevention of smoke, in general use. The coking method of 
firing, or the placing of the coal at the front of the furnace, either 
on a dead plate or on the grate, requires for smokeless combustion 
a large combustion chamber and an arch over that part of the grate 
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where the coal is being coked. It cannot be successfully used when 
the fuel is of such a nature that it will not coke well, as for instance 
the ** block coal/' mined in some sections. This coal on being 
heated, crumbles. Other coal forms bad clinkers which give trouble, 
especially as the coked part, carrying the ash is pushed toward the 
rear, leaving nearly all the ash and all the clinkers on the back 
part of the grate where it is with diflBculty removed, unless a dump- 
ing grate is used. 

The alternate method, in which one-half the furnace is fired at 
a time, the other half having a bed of incandescent coke, is appli(»- 
able when provision is made to mix the two currents of gases after 
leaving the fire. For successful operation, a large combustion 
chamber arranged with fire brick baffles or piers must be used to 
thoroughly mix the gases. 

The spreading method is not satisfactory from either a smoke 
abatement standpoint or from the standpoint of economy. It re- 
quires that very little coal be thrown into the furnace at a time 
and that it must be spread very carefully. If a large quantity is 
placed on the hot bed of coke the fire is cooled too much and at the 
same time such large quantities of volatile matter are driven off 
that prevention of smoke cannot be obtained. This method is less 
desirable than either the coking method or the alternate method. 
The air admitted when doors are opened is destructive to both 
boilers and setting, besides cooling the furnace below the ignition 
temperature of the gases. 

The use of steam jets is not to be recommended. They are not 
economical, unless very carefully used. In most cases, they pro- 
duce lower efficiency than is obtained without their use. By their 
inefficiency they have done more damage to the smoke abatement 
movement than they ever did good in abating the smoke. The intro- 
duction of steam into the furnace is a poor policy as it cools the 
furnace. It is the direct cause of water gas and excessive quan- 
tities of carbon monoxide, free hydrogen, and hydro-carbons in the 
waste gases, all of which lower the efficiency. The claim is made 
that the hydrogen is burned again — and the heat returned to the 
furnace. Even if it is all burned, which we do not admit, the heat 
required to raise the temperature of the steam from that in the 
boilers to that of the flue gases is lost. The only advantages ob- 
tained by the use of the steam jet are the thorough mixing of the 
gases in the furnace, and the introduction of air over the fire, 
sometimes. 
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Automatic Stokes 

Automatic stokers are advantageous in so far as they operate 
under the above mentioned conditions for high efficiency and smoke- 
lessness and in addition they have the advantage that in general, 
a cheaper grade of fuel can be used and the labor expense can be 
reduced. 

For small plants the cost of installation per boiler horsepower 
is greater than for medium sized and large plants. In small plants 
the reduction in labor is small and it happens in very small sized 
installation that there is no reduction in the labor. They cannot be 
installed in very small plants economically. There are certain con- 
ditions of fuel and required service which will recommend one ma- 
chine over another. In selecting the type and particular example of 
that type for installation, it is a good thing to first study the condi- 
tions to be met and the cnditions of good service to see if the con- 
templated installation is the best for the conditions. 

Automatic or mechanical stokers are of two general classes, viz. : 
— ^Underfeed and overfeed. The overfeed has two distinct types, 
viz. : — chain grates in which the grate has a motion of translation 
and carries the fuel through the furnace and dumps the ash, and 
the inclined grates, the individual grates of which have a small 
motion which agitates the fuel, and the fuel under the influence 
of this agitation and gravity is moved from where it enters to the 
point where the ash is to be discharged. 

In the underfeed type the green coal is pushed under the bed of 
the fire, and the grate is not exposed to the hottest part of the fire. 
Very hot fires can be obtained with this type of stoker which makes 
thetm very adaptable to metallurgical work. 

There is in Pittsburgh a plant engaged in making forgings up to 
three or four hundred pounds, finished. 

Ten or twelve years ago the superintendent thought a mechanical 
stoker could be used advantageously for his heating furnaces. He 
installed an underfeed stoker and found, first, he doubled the out- 
put from the furnace the first day and has gotten a better result 
at times*} second, and most important, from the smoke inspector's 
point of view, there is no smoke. Needless to say it was only a short 
time till he had all his furnaces equipped with automatic stokers. 

When the underfeed is used for boiler service, a very uniform 
boiler pressure is had, and if the installation is a good one, heavy 
overloads may be carried. As this type must depend on forced 
draft, there is a good chance for securing the proper proportions 
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of air and coal. The manufacturers of this type of stokers claim 
that when the apparatus is once adjusted the proportions are main- 
tained, no matter at what rating the boiler is operating. 

There are three serious points which are raised against the under- 
feed stoker. The fan engine must be installed in duplicate to guard 
against a shut-down. The power for operation is large and in some 
of the makes the cleaning of the fires is a very hot and disagreeable 
task, and the saving in labor is none. 

The chain grate is always installed with an arch or roof over 
part of the grate, and usually it .is set with a dutch oven. The 
grate is exposed to the hot part of the fire only a portion of the 
time. In the best forms the chain is made up of a large number of 
links which form the grate surface. In passing over the sprockets 
these links rub against one another, cleaning the grate of any 
clinkers which may have formed. 

The fuel is carried from the coolest part of the furnace through 
the hottest part, all the volatile matter being driven off while the 
fuel is yet under the coking arch. As a smoke preventer, this grate 
is excellent if set properly and operated by intelligent men. With 
proper operation, very good results are obtained with the best 
makes of this type of stoker. It has the disadvantage of not being 
quick to respond to sudden changes of load, as for instance, 
the starting or stopping of the engine for large rolling mill work, 
the engine using from ten to twenty-five per cent, of the steam being 
made. The problem of avoiding excess air is difficult with this 
stoker; the excess air is liable to come in at the rear of the grate 
on light loads and also at the sides on any load. 

It is difficult to get a fireman to properly regulate his draft 
according to the load, which is fatal to efficiency, and on heav>' 
loads, fatal to smoke prevention. Of the inclined grate (i. e., 
gravity feed or avalanche) stokers there are two distinct types. 
In one, the fuel is fed in at the front, and by agitation it slides 
down over the bars which present the appearance of a flight of 
steps. This type offers the serious objection that the fuel hangs 
and when it is forced to to move it moves too rapidly and slides into 
the hottest part of the furnace, producing smoke, and usually lots of 
it. This lack of uniform movement causes air holes in the fire — ene- 
mies to high efficiency. It is usually set with little or no coking arch, 
a necessary part of a smokeless furnace. If the arch is made long 
enough to be of any value it will soon burn out. We have it on 
good authority that the Smoke Inspection Department of Chicago 
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will not approve of some settings having this kind of stoker. Fire- 
men will use the poker or slicing bar from the side doors unless 
these are bricked up. We have seen the small holes for using the 
poker in the front bricked up. 

There is another form of gravity feed stoker in which the coal 
hoppers are at the sides of the furnace. A coking arch covers the 
whole grate and in some cases reaches back beyond the grates. 
This furnace is not so bad an offender as the form just mentioned. 
This is due mostly to the presence of the coking arch or roof over 
the grates. Due to the irregular movement of the coal down the 
grates, holes are found in the fire, and poking is resorted to . This 
form has a clinker grinder in the point of the V made by the grates. 
With a badly clinkering coal a large clinker will form over this 
clinker grinder and stops the discharge of ash and clinkers. These 
large clinkers must be removed through the front door of the fur- 
nace, before the furnace vnll operate properly. This is a particu- 
larly disagreeable operation. 

We recommend the use of mechanical stokers wherever they can 
be used. The resulting economy, if they are set properly and well 
operated, will pay large dividends on the investment, especially in 
plants of three hundred horse-power up. We also recommend the 
flue gas analysis, if it is continuously and conscientiously carried 
on, and an effort is continually made to better the plant by correct- 
ing all things which it indicates as faulty. 

It will do no good, no matter how good an installation you have, 
if intelligence is not also available in the boiler room. To have an 
economically operating plant, a much better class of labor must be 
had than is usually found in the boiler room. If we can convince 
the men who are responsible for the policies of the companies that 
the expenditure of a certain sum of money will produce, in their 
plants, the results obtained in other plants where eflScient and 
smokeless operation are had, the smoke problem will be solved in 
most cases. There will be a few whom we will have to use a strict 
ordinance against, just the same as we must have laws to protect 
society from the naturally perverse. 

We have tried to show some of the principal features of the 
smoke problem and that it can be solved, producing clean cities 
as well as larger profits to the owners of the various plants. We 
often hear the expression, ** Smoke means prosperity.'' We think it 
should be changed to, ** Smoke means ignorance, carelessness and 
waste. ' ' 
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THE INTERNATIONAL SMOKE ABATEMENT 

EXHIBITION * 

Pai^r No. 1116 

HELD IN LONDON, MARCH AND APRIL 1912 

By Georgb H. Perkins, Lowell, Mass. 

(Read October 5, 1912) 

Mr. George H. Perkins, Head of the Engineering Department 
of the Lowell Textile School ; represented the City of Lowell, The 
American Society of Mechanical Engineers and the Department 
of Commerce at the Conference in London. 

An International Smoke Abatement Exhibition and Conference, 
under the auspices of the London Coal Smoke Abatement Society, 
was held at the Royal Agricultural Hall, Islington, London, March 
23 to April 4, 1912. 

The object of the exhibition was to make a comprehensive 
display of the most approved modern methods and devices for the 
abatement of coal smoke, applicable either to industrial plants or 
domestic fires. There were also exhibits showing the injurious 
effects of smoke deposits upon health, building materials, works of 
art and vegetable life, with the view of creating an active and 
intelligent public sentiment on the importance of this widespread 
nuisance. 

The educational work was supplemented by a series of con- 
ferences which were well attended by official delegates from most 
of the principal cities of England and Scotland as well as from 
Germany, Holland, Sweden, and other foreign countries. 

Thet exhibition attracted much favorable attention from the 
press and general public, and upon the whole was considered a 
success. The great coal strike which was at its height at the time, 
while interfering with the attendance and deliverj^ of exhibits ta 
some extent, tended to increase public interest in the affair and to 
divert attention to the larger question of the conservation of the 
coal supply. 



* Courtesy of the American Society of Mechanical Engineers. 
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Present Status of the Smoke Problem in England 

Smoke has been a recognized nuisance in England for nearly 
a century. As early as the year 1819, Parliament appointed a 
committee to investigate this question which reported that effective 
smoke abatement devices existed and should be used. The public 
health acts of 1875 and 1891 included sections covering smoke 
abatement which are the only present laws on the subject. These 
statutes have not proved satisfactory as they are not sufficiently 
definite and do not make provision for their proper enforcement. 

Practically all the effective - work done in abating the smoke 

nuisance has been accomplished during the past 15 years. The 

great improvement in atmospheric conditions, as far as London is 

concerned, has been due principally to the following agencies : 

a The electrification of all the underground railways formerly 

operated by coal burning locomotives. 
6 The rapid increase in the use of gas appliances for heat- 
ing and cooking. When authorities agree that more than 
one-half of London's smoke comes from domestic fires 
burning soft coal, the following figures are significant : 

Number of Gas 
Year. Appliances in Use. 

1891 46,000 

1896 223,000 

1901 445,000 

1906 989,000 

1911 1,494,000 

c The work of the London Coal Smoke Abatement Society, 
a voluntary association which has for its objects the fol- 
lowing : 

1 To aid in enforcing the existing law through the local 
sanitary authorities, by the employment of inspectors who, 
after investigation, shall report offenders to the proper 
officials. 

2 To promote and encourage all voluntary efforts to 
abolish smoke from private dwellings and to investigate the 
best means for effecting this object. 

3 To obtain particulars and evidence of methods of deal- 
ing with smoke nuisances at home and abroad. 

4 To publish information on matters relating to smoke 
nuisances, stimulate invention through the offer of prizes 
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and to conduct tests on heating, cooking and stoking appa- 
ratus. 

5 To effect the amendment of the present laws with the 
object of making them more efficient. 

Other societies of the same character have been organized in 
some of the larger cities and are doing effective work along similar 
lines to that of the London society. One of the most active of these 
is the Smoke Abatement League of Great Britain which has its 
headquarters in Manchester and branches in many of the other 
large industrial centers. 

The most direct evidence of the improvement made in smoke 
abatement in recent years is in the record of observations of atmos- 
pheric conditions taken in many of the large cities. The'* black fogs*' 
once so prevalent in London and which have been proven to have 
been due largely to smoke are to-day practically unknown. The 
winter sunshine of London is to-day about 40 per cent, of that 
observed in the country districts, which is a figure double that of 
30 years ago. 

In nearly all of the larger cities a marked improvement along 
similar lines has been made each year and through the agencies 
already mentioned. In the manufacturing districts particularly, 
the boiler users are taking increasing interest in this matter, realiz- 
ing that it has an important influence upon the efficiency of their 
plants. The public is also aroused to the situation and the urgency 
and practicability of smoke abatement seem to be generally appre- 
ciated. 

Summary of Papers Presented at the Conference 

The papers presented at the conference may be grouped under 
Ihet following heads: 
A Smoke pollution 

1 Economic and Artistic Aspects. 

2 Effects on Plant Life 
B Smoke Abatement. 

1 Organization of Preventive Action 

2 Physical Principles of Smoke Abatement 
(/ Laws and Legislation. 

1 Proposed New Legislation. 

2 Administration of Existing Law 
(^1-1) Economic and Artistic Aspects. 
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Under this bead papers were read treating of the eflFeets of 
smoke upon building materials, mural and house painting, orna- 
mental and structural metal work and also the measurement of 
soot deposits. 

Examples were cited of the disintegration of the stone in 
various buildings due to sulphuric acid in the atmosphere. This 
acid is formed from the union of the oxidized sulphur com- 
pounds, resulting from the combustion of coal, with the moisture 
of the atmosphere. An analysis of stone taken from St. Paul's 
Cathedral showed 74 per cent, of calcium sulphate, the original 
stone being calcium carbonate or limestone. Similar results were 
obtained on samples taken from Westminster and other well known 
and historic structures. Limestone appears to suffer more than 
any other variety of stone while granite is not seriously affected. 

The ecect of smoke on mural and fretsco paintings was 
due to a similar action, the plaster beneath the pigments losing 
much of its binding power by the chemical change taking place. 
The effect upon house paint is also very pronounced, particularly 
on the lead paints. Practically all outside work must be re- 
painted at least once a year. Zinc oxide paints were shown to be 
more stable than lead pigments against the action of atmospheric 
acids. 

The most serious effect upon metal work is the corrosion of 
structural steel. Several collapses of iron roof trusses, notably 
that of the Charing Cross Station, have resulted from this cause. 
In some instances it was found that about 10 per cent, of the iron 
had been dissolved into ferrous -sulphate. The corrosion of un- 
covered iron or steel wire has also been observed and found to be 
extensive. 

During the past year the soot fall of London has been 
carefully measured by means of specially devised soot gages. This 
work has been in charge of the officers of the Smoke Abatement 
Society and the extraordinary results obtained may be summarized 
as follows : 

The total yearly deposit from the atmosphere was 650 tons 
per square mile, or a total of 76,050 tons per annum for the entire 
administrative county of London of 117 wjuare miles. This figure 
includes 8000 tons of sulphates, 6000 tons of ammonia and 3000 tons 
of chlorides, the balance being carbon and tarry products. The 
deposit per square mile at Surrey, on the border of the metropolitan 
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area, was only 195 tons per year, or less than one third that of 
London proper, showing clearly the comparative purity of country 
air. 

{A-2) Effects on Plant Life 

Evidence was given by the authorities in charge of the Kew 
Gardens and other parks as to the difficulty of maintaining vegeta- 
tion in smoke affected districts. Only a few hardy plants and 
shrubs will survive the winter season in the large cities. The main 
eflPects of smoke on vegetation are due to the following : 

1 Reduction of light and heat from the sun. 

2 Soot deposits excluding still more light. 

3 Tarry deposits blocking the pores of the plants. 

4 Acid deposits lowering the vitality of plants. 

The effect upon health of smoke polluted atmasphere was 
clearly shown by figures given from Glasgow, where a study has 
been made of the effect of smoke fogs upon the death rate from 
bronchial diseases such as bronchitis, pneumonia and pleurisy. 
The deaths from these diseases alone increased at a remarkably 
rapid rate during prevalent fogs and could be traced to no other 
source. 

(B'l) Organization of Smoke Abatement Work 

The work of the various smoke abatement societies was de- 
scribed in detail and many suggestions were made regarding the 
possible future study of this problem. The majority of these sugges- 
tions were along the line of determining the actual economic loss to 
the community caused by smoke, it being generally conceded that 
the engineering side of the question is well in hand and sufficiently 
well developed to meet practically all conditions provided careful 
study is made of the factors involved. 

Some of the elements in the economic loss to a city are as 
follows : 

1 Added cost of artificial illumination. 

2 Added cost of painting exteriors and interiors.' 

3 Added cost of laundering and other cleansing. 

4 Damage to goods in stores and factories. 

5 Effect of gloom upon the efficiency of workers. 
Recognition was made of the splendid work done on smoke 

abatement in Cleveland, Ohio, and Chicago, 111., where the prog- 
ress made within the past five years has been remarkable. In 
both of the^e cities the problem is handled by efficient depart- 



Perkins — The International Smoke Abatement Exhibition. 17 

ments of the municipal governments furnishing a most excellent 
example of honest, effective and thorough public service. These 
two cities are without question well in advance of any other Amer- 
ican municipalities in the matter of smoke abatement. 
(B-2) The Physical Principles of Smoke Abatement 

The papers presented under this head covered various 
phases of the subject, including the effect of smoke upon steel 
making, losses due to incomplete combustion, hand and mechan- 
ical firing, the manufacture of smokeless fuels and the construc- 
tion and operation of producer gas plants. The production of 
steel without objectionable smoke was held to be practicable, 
without affecting the quality of the steel. 

Results of tests weret given showing the loss due to unbumed 
combustible matter in smoke and that due to a non-conducting 
layer of soot upon the surfaces of boiler tubes and plates. 

The value of trained firemen was especially emphasized 
and the subject of hand firing and conditions under which it might 
be successful were discussed. It was proposed to add to the present 
license for firemen, a certificate of competency based upon a knowl- 
edge of proper conditions for perfect combustion, heating value of 
fuels, etc. 
(C) Laws and Legislation 

The larger part of the matter presented under this head 
would not be applicable in this country for obvious reasons. A 
strong plea was made, however, for uniform and definite legisla- 
tion on smoke abatement. The principal paper in this group urged 
the appointment of a royal commission to inquire generally into the 
subject of smoke emission for the purpose, if possible, of having 
a stringent general law passed by Parliament. It was suggested 
that this royal commission, if appointed, be directed to inquire : 

1 What standard, if any, is desirable as to the color or density 
of the smoke which should be deemed a nuisance! 

2 How the color or density of smoke can best be identified? 

3 Are the fines at present inflicted upon offenders suflSciently 
adequate to act as deterrents? 

4 Who should be punished, the o^\^ler of the works, the 
engineer in charge, or the stoker, when smoke nuisances 
result from the careless manipulation of well equipped 
installations ? 

5 Should any industries receive special treatment t 
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n. 



6 Should Government inspectors be appointed to act in regard 

to the emission ? 

7 Should Government premises be placed under the obligation 

to prevent smoke nuisances? 

8 Ought any hourly or other time limit be fixed during which 

black or other smoke may be permitted to issue fr6m factory 
chimneys ? 

9 Should all cases be heard by stipendiaries? (Paid Magis- 

trates.) 

10 Can the issue of an unreasonable quantity of smoke be 

prevented except in cases of accident or breakdown ? 

11 Can it be shown that the installation of proper appliances 

generally results in economy as is contended by ** smoke 
abaters"? 

12 The incidence, intensity and duration of fogs and their 

eflPects on health. 

13 The influence of smoke on health. 

14 The damage of smoke to buildings, works of art and prop- 

erty generally. 

15 Foreign efforts to cope with the smoke nuisance. 

16 How far is it possible by smoke abatement to conserve the 

coal supply ? 

17 How far is it practicable to deal with the smoke from pri- 

vate dwelling houses? 

Classification of Exhibits 

The exhibits may be classified into the following groups : 

a Boiler furnaces; special grate bars and furnace construc- 
tion; mechanical stokers of all types; smoke preventing 
devices of various kinds; fuel economizers; briquette 
making machines. 

b Suction gas plants ; gas and oil engines. 

c Open coal- fere grates ; stoves and ranges of all kinds ; draft 
regulators and other smoke preventing appliances for 
domestic fires. 

d Gas stoves and grates; gas heating and cooking appli- 
ances. 

e Electric heating and cooking appliances. 

f Testing devices, including anemometers, tintometers, soot 
gages, automatic gas analyzing devices, etc. 
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g Fans and other appliances for the removal of dust of 
various kinds from industrial plants. 

h Smokeless fuels, both natural and artificial. 
While there was little essentially new in the principles under- 
lying the various devices exhibited, there has been a marked im- 
provement made within a few years in thei: design and mechanical 
construction. There was also evidence of an appreciation and 
careful study of the theoretical side of the question which has 
undoubtedly contributed largely to the relatively better results 
obtained in recent years. The exhibits were so numerous and varied 
that only the most important will be mentioned. 

Mechanical Stokers 

The stoker which appeared to bet considered the best 
adapted for the prevailing conditions in England is the chain 
grate type. 

When used with the proper fuel, preferably bituminous 
slack, this type appears to meet the requirements of smokeless 
combustion more nearly than any other device, particularly with 
water tube boilers. The best sample of this stoker exhibited was 
by the Babcock and Wilcox Company. 

A number of types of coking stoker were shown, the best 
being those made by J. Hodgkinson of Salford and B. Bennis of 
Bolton. These stokers are better adapted to the Lancashire type 
of boiler, since they are not readily forced. In their action a 
reciprocating ram, mechanically driven, and located in the bot- 
tom of the hopper, forces a small quantity of fuel on to a ''dead'* 
or coking plate at each forward stroke. While the fuel remains 
upon this plate the volatile products are driven off and the coked 
coal then drops upon the grate bars which are of a sliding type 
and actuated by a cam motion on the front end. The mass of 
the fire is constantly carried toward the rear of the furnace by 
an intermittent and simultaneous movement of all the bars, the 
return stroke of each bar being independent. 

There were a number of forms of sprinkler stoker shown 
which, although of ingenious design, have not proved satisfactory 
where smokeless operation is desired. 

While there w^ere no underfeed stokers exhibited, there 
are a number of English machines of this class giving satisfaction 
imder the proper conditions. The best known are the Vickers, 
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Bennis, Underfeed and the Proctor. This type of stoker is not 
so well adapted for use with the average fuel available in Eng- 
land and is not so extensively used as in America. 

Patent Furnaces 

There were many exhibits under this head, only a few of 
which possessed real merit. The majority of these appliances 
consisted simply of properly controlled steam jets with special 
forms of grate bars. There were a few good devices for the auto- 
matic regulation and timing of the supplementary air supply, 
both over the fire and below the grate. The best of these was the 
Kowitzke furnace which was excellently designed and simple in 
operation. 

Various types of furnace construction, designed to effect a 
better mixing of the gases, were also shown. The Gregory pat- 
ent furnace makes use of a supplementary jet of vaporized fuel 
oil ejected over the fire, which is claimed to add materially to 
the efficiency. 

A special boiler known as the Bettington is dsigned to 
allow the use of a mixture of air and pulverized fuel or coal dust, 
introduced by air blast at the bottom of the boiler which is of the 
vertical type. This boiler is intended for use at mines or wherever 
fuel of a finely divided character is available. 

Miscellaneous Devices 

A device for the optical analysis of the gases of combus- 
tion by means of a interforometer was shown by Carl Zeiss and 
Company. It is based upon the principle that the refractive 
power of the gases is dependent upon the content of carbon dioxide. 
A gas refractometer is so calibrated that the analysis of the gas 
may be read on the scale bysimple inspection. A special form of 
tintometer was also shown in a portable form for gaging the dens- 
ity of smoke or fog. 

The numerous forms of appliances adapted for domstic 
uses, all showed improved features, but need not be described here. 

Other interesting exhibits included *' Coalite *' and other 
artificial smokeless fuels, spark and soot catching chimney cowls 
and special chimney construction for effecting a dilution of the 
smoke as it is emitted. 
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Conclusions on Smoce Abatement 

In judging of the merits of the various types of mechan- 
ical firing appliances exhibited, it should be recognized that all 
of these devices were designed for local conditions and for burn- 
ing English or Scotch coals. These fuels cost from $2.50 to $3.50 
per ton at the plant, contain from 30 per cent, to 35 per cent, vola- 
tile matter and 11,000 to 13,000 b.t.u. per lb. In these respects 
they correspond to our Illinois or other western coals. This class 
of fuel is not available in New England for economic reasons. 
The freight charges on coal in this section amount to about ^S.oO 
or nearly three quarters of the average cost of fuel per ton. Jt 
is therefore not feasible or economical to bum any but the high- 
est grade of bituminous coal in this part of the country for in- 
dustrial purposes. This class of fuel should contain about 14, 
000 b.t.u. per lb. and not over 20 per cent, volatile matter. On 
the chain grate, for example, which gives excellent results in 
Englaiid, this coal could not be burned satisfactorily. It would 
be impossible to maintain a proper ignition temperature with 
su<'h a 'ow per cent, of volatile matter without an excessive draft 
which would give large losses to the stack. The chain grate is 
meeting with success in this country wherever fuel of the lower 
grades is available. 

Of the other devices, perhaps the most important are those 
automaticaly controlling the air supply, both over and under the 
fire. These eliminate the personal factor of the fireman and 
should be eflPective on any type of hand-fired furnace. 

In conclusion, smoke abatement may be best eflPected in 
the present state of the art of fuel burning by thorough consider- 
ation of the following conditions. Careful attention to one or 
all of these factors by competent engineers will increase the effi- 
ciency of any plant and with efficient combustion comes smoke- 
less operation. 

1 Selection of a suitable fuel with provision for maintaining 
same at fixed standard of heat value. 

2 Careful scientific study of the conditions prevailing in the 
plant, including draft, composition of gases, temperatures, 
etc. 

3 Design or selection of type of furnace or apparatus best 
adapted to meet these conditions. 

4 Proper construction or installation of same. 
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5 Careful selection of operating force. 

6 Suitable instrumental aids or guides for the fireman and 
responsible engineer. 

7 Frequent and thorough inspection to insure maintenance 
of highest possible efficiency. 

Work of the Hamburg Smoce Abatement Society 

Among the delegates present at the London conference 
was Herr Nies, chief engineer of the Vereins fur Feuerungsbe- 
trieb und Rauchbekampfung, of Hamburg, who later extended to 
the writer, in Hamburg, many^courtesies which brought him into 
contact with the work of the society. 

The Hamburg society, which was organized in 1902, is 
essentially deflferent from other organizations of this character in 
the following important features : 

a It is an entirely voluntary organization of manufacturers 
and other boiler users bound together only by a common de- 
sire to obtain greater efficiency and less smoke from their 
power plants. 
6 The working staff of the society is composed wholly of 

technically trained engineers. 
c All boilers owned by members are under the systematic and 

scientific control of the expert staff of the society. 
d All members benefit mutually by the published results of 

all tests and investigations made by the engineers. 
e The economy of smokeless combustion is the cardinal prin- 
ciple and the members have been convinced of this in a 
most practical manner, in the savings effected in a fuel 
consumption by their co-operative effort. 
The society now numbers 436 members, representing 1381 
boilers. The annual dues of members are small, being only $5 
and $5 additional for each boiler in their plants. The society is 
entirely self-supporting and draws its funds from three sources, 
annual dues, payment for special work or reports, and payments for 

outside work. 

The education and control of firemen in the proper per- 
formance of their duties are also undertaken by the fireman in- 
structors on the staff of the society. 

Comparative tests of fuels, smake preventive devices, etc., 
are carried out by the engineers and the results are circulated among 
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the members. Advice is also given on purchase of fuel, the buyers 
being educated by the engineering staff to appreciate the importance 
of this matter. 

The egineering staff of the society consists of a chief en- 
gineer, four assistant engineers and eight trained firemen who 
act as fireman-instructors. For the chemical and thermal analy- 
sis of fuels, the society avails itself of the testing laboratory of 
Dr. Aufhauser, at Hamburg. This laboratory, which is one of the 
most complete of its kind in Germany, tests about 2000 samples 
of fuel annually. Dr. Aufhauser also edits a periodical called 
** Smoke and Dust," to which the engineers of the society are fre- 
quent contributors. 

The work of the Hamburg society is as practical and ef- 
fective scientific work as is done anywhere along these lines. The 
eflSciency of the plants, under its control, is materially bettered 
and maintained, the owners derive a substantial economic gain 
and the smoke problem is solved without the aid of the .usual 
unsatisfactory legislation. 

DISCUSSION 

Chairman. — I will call upon Dr. Herman B. Allyn, representing the Phila- 
delphia County Medical Society, who will talk upon the subject from a sani- 
tary point of view. 

Dr. Herman B. Allyn. — One of the most gratifying things is to learn that 
one of the most important cities of th^ State has taken up an investigation 
which will be a benefit to the entire country. It does seem that an investiga- 
tion of this sort should be so thorough that nothing will be left out, nothing 
left undone, and I very much hope that the commission having this matter 
in charge will be able to report on it at no very distant date. 

Regarding the collection of dust and soot, one might consider it from several 
points of view. In the first place, the effect of smoke and soot upon buildings 
and upon draperies and hangings, and the effect of obscuring the sunlight; or 
one might consider it from a purely economic standpoint, the effect of smoke 
and soot in its depreciation of property, by the chemical action of soot and also 
the enormous waste, something like 30 or 40% if I recollect. 

But the effect of smoke and soot upon the health is a matter which naturally 
interests me most, and in this respect, of course, we are not able to do what 
Mr. McBride*s experiment with vegetables has done, because until after a per- 
son's death we are not able to tell how much smoke and soot he has absorbed, 
so it is not easy to state in regard to any individual or individuals just how much 
damage has been sustained. We have known, however, that in mining com- 
munities, the miners have absorbed sufficient coal to transform their lungs into 
a material about as black as the hats they wear, but the damage sustained is 
difficult to estimate. 
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The problem may be well likened to that which we had with respect to ty- 
phoid fever in Philadelphia before the advent of filtered water. We felt that 
the outbreak of typhoid was due to the contamination of the water, but you 
will remember that it was very rarely possible to find the typhoid bacilh in 
the water. We do know, however, that after filtered water came, the typhoid 
almost disappeared. I do not know that I have seen a case of t3rphoid fever which 
developed in the district in which I Uve in West Philadelphia since we have had 
filtered water. I know, of course, that there have been cases among people 
who have returned from Atlantic City or other simuner resorts, the disease 
having been contracted while they were away. But cases of city origin in the 
districts supphed with filtered water have been very few. 

We are in somewhat the same position regarding the evil effects of smoke and 
soot. We believe they are injurious, but we may not be able to prove it con- 
clusively until we compare the city health after smoke and soot are nearly 
abolished with health conditions as they exist today. 

Now in regard to the health of the individual. If we could know, for instance 
the health of Pittsbiu^ before and after, as we will be able to do some day, we 
could show that such and such ill health was due to smoke and soot. In Ger- 
many there are certain districts, such as Essen, which are very smoky, and 
there are others which are not, and the differences in prevalent diseases are 
striking. Louis Ascher, who investigated health conditions at Essen where the 
Krupp Works are, and compared them with those at Krefeld, an enterprising 
town in the same district of Hhenish Prussia, but gven up to textile manu- 
factures, found quite a considerable difference. What he found was that in this 
textile district of Krefeld, where they make tapestries and silks, there was a 
larger morbidity from tuberculosis, whereas in the Essen district they had a 
larger morbidity from very acute lung infections, namely, pneumonia, bron- 
chitis and the like. The difference was, as I remember, about 130 as compared 
with 40, showing greater liability to acute limg affections in the district where 
there was the most smoke. I wish we had some definite statistics in regard to 
our own coimtry. 

Ascher did another interesting piece of work. He investigated the effect 
upon animals who were kept in a smoky atmosphere and then inoculated with 
a disease. He foimd that they died in a much shorter time in such smoky 
atmosphere. He also reports that in regions where there is a great deal of smoke, 
while there is less tuberculosis as compared with the district where textile in- 
dustry predominates, but the air is not so smoky, yet the duration of life is 
shorter for those who have tuberculosis, showing that smoke has a distinct in- 
fluence upon the duration of the life of the tuberculous patient. That is, he 
has fewer years to live in a smoky atmosphere than in a clear atmosphere. 

In a lecture on Smoke Abatement, delivered at the International Health Ex- 
hibition, in 1884, by Ernest Hart, he quotes Sir. Wm. Gull, as follows: "It is 
clear that smoke and fog, not only touch, but kill the life of man. " Sir Andrew 
Clark, Sir Henry Thompson, Sir T. Spencer Wells, Prof. Corfield, Dr. Ransome 
(of Manchester) and other eminent medical authorities have added their testi- 
mony: 

"Sir Andrew Clark writes to me: "I, for my part, have no manner of doubt 
that a smoke-laden atmosphere exercises an injurious influence upon the health, 
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moral as well as physical, of those persons who dwell in the midst of it. 
A smoky atmosphere, both by its exclusion of light and by the irritating par- 
ticles suspended in it, is hurtful to the lungs and air passages; it aggravates the 
discomforts of sufferers from heart disease; it deepens the distress of the nerv- 
ous; it lowers the tone of general health; it adds perils to the sickness of the 
aged; and it materially diminishes that brightness and buoyancy of spirits 
which contribute so much to the power and gladness of life/ ** 

During the five years, 1868-1873, the average death-rate from diseases of the 
respiratory organs was 2.27 per 1,000 in Westmoreland (one of the healthiest 
counties in England) and 2.51 in North Wales. 

For the whole of England and Wales it was 3.54; for Salford, 5.12; and for the 
Registration district of Manchester, 6.10. Taking, however, the township of 
Manchester alone, it appears that in 1874, the last for which returns have been 
published by the Registrar-General, the death-rate from these diseases amounted 
to 7.7 or three times the average of healthy districts, and more than double the 
general average for town and country districts — healthy and unhealthy. If, 
therefore, the rate could be reduced to the average for all England, there would 
be an annual saving of more than 700 lives in Manchester alone. 

In 1873, the deaths in Westmoreland from diseases of the respiratory organs 
were 13.7 per cent.; in all England and Wales, 17.2 per cent.; in Birmingham, 
18.2; in Liverpool, 18.7; in Sheffield, 21.0; and in Manchester, 21.6 per cent.; 
but excluding the out townships, the rates in the township of Manchester alone 
amounted to 23.2 per cent. It appears therefore, that Manchester suffers more 
from diseases of respiratory organs than any other town or city in England; and 
it may be safely affirmed that if no means can be found of reducing the number 
of deaths from this class of diseases, it is hopeless to expect that any material 
improvement can be made in the general state of the public health, or any sen- 
sible reduction effected in the general death-rate of the city. (Extract from 
Manchester and Salford Sanitary Association Report.) 

There is reason to fear that our condition may, in the course of time, be as 
bad as those in the smoky cities of Manchester and Birmingham I have men- 
tioned. The remedies are education and an aroused public sentiment against 
smoke. 

Dr. Anders. — Speaking in connection with my colleague. Dr. Allyn, as I 
had the privilege of doing once before on an occasion when this question was 
brought up, I can only reiterate and emphasize some of the points I tried to urge 
at that time, and those that have also been touched upon tonight by Dr. Allyn. 

There is no question but that the undue prevalence of smoke is not simply 
a matter of waste and extravagance from an economic standpoint. It is not 
simply a matter of defacing public buildings, the destruction of fabrics, furni- 
ture, clothing, etc., things which appertain to domestic life; it is not, as I under- 
stand it, a nuisance to public comfort only, but it is distinctly a menace to pub- 
lic health; and as representatives of the profession and representing the societies 
we do, it is our duty to bring the matter to your notice tonight. There are those 
connected with the laboratory who have failed to notice the influence smoke has 
on the public health; but those who are practising physicians cannot but believe 
definitely that smoke prevalence counts for a great deal in its influence upon the 
public health. Of course, as a direct cause of disease it no doubt ranks decidedly 
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less, say than the dust menace, which we know not only carries irritation to the 
mucous membranes, but also infection. I think that as a simple test, one may 
realize that the habitual inhalation of smoke affects one's physical feelings and 
induces a susceptibility to colds and catarrhal diseases, especiaUy on our At- 
lantic seaboard where soft coal is much used. For instance, if you have a tend- 
dency to "hawk," the throat blow your nose, especially during foggy weather, 
in winter when we have some of those "grouch days," when no air is stirring 
and the himiidity is high, the temperature is high and the air is laden with fog — 
if you are in an atmosphere like that all day and the next morning you blow your 
nose and clear your throat, you will find you have inhaled a lot of smoke or 
carbon particles. Ap^H^hensive people will go to a physician when they find 
they have spat up a lot of black mucus, which the irritation has elicited, and 
sometimes they will think the conditions are worse than they really are. It is 
nothing more than the floating about of smoke particles, and I think the time 
is coming when it will be as important to flush one's nose and throat at night 
before retiring as it is to cleanse one's teeth before going to bed. Smoke also 
gets into the larynx and the bronchial tubes. So that we have a problem which 
not only affects nasal and throat passages, but there is no doubt that certain 
acute diseases are predisposed to by smoke irritation, as the infectious pneu- 
monia and catarrhal or broncho-pneumonia. Along the lines of tuberculosis, 
in which I have had some special experience, while smoke does not produce 
this widespread malady, it is not at all a negligible factor, but also adds to the 
predisposing causes. The irritation which smoke produces in the bronchial 
passages also helps to aggravate the tuberculous condition of people who are 
compelled to live in such an atmosphere. They are compelled to live where 
they are deprived of sunlight, because of the obscuration of the sun: and they 
are also subject to membrane irritation by the smoke particles, and are sub- 
ject to the effects of sulphates and carbon dioxide which are concomitants in 
this atmosphere. So that these elements are of extreme importance in tackling 
the question from a public health standpoint: and if a conmiunity fails to pay 
attention to its public health, it is failing to do its duty to the government and 
the people which support that government. 

I would like to speak of one thing that has occurred to me within the last few 
days, although it might appear to be a digression from the main issue. I sup- 
pose some of you have been annoyed at times by automobiles sending out ex- 
cessive oil smoke into the atmosphere. I would like to advocate an agitation 
for the passage of some statute or ordinance that would compel, or as nearly as 
possible compel, automobile exhausts to be directed backward instead of down- 
ward and backward, or downward at any angle. Why? Because you will 
observe that on an asphalted street the impact of gas is very sharp, and is not 
only deflected upwards with more violence into your face than it would be if 
the exhaust pipe were turned upwards, but also, on a dry day the impact of 
that gas and smoke pressure creates an extra cloud of street dust. I think it 
would be wise to advocate rules that the exhausts should be directed upward 
and backward rather than downward, so as to avoid that deflection into the 
faces of pedestrains, and also to avoid the simultaneous starting up of that great 
cloud of dust, which in itself is not only irritating, but often infectious. 

That is another point which seems to me important in connection with pub- 
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lie health, and which might be taken up as an appendix to the coal smoke prob- 
lem. 

Mr. Henry G. Morris: — Mr. President. As pertaining to this subject 
I would like to call the attention of the older members particularly to a work 
published by Charles Y. Williams, in 1845, in which he discusses the whole sub- 
ject of smoke abatement. He was appointed by Parliament to report on the 
subject of smoke nuisance, and his official conclusion, after giving details of all 
manner of grates, furnaces, appliances, etc., in use at that time, was this. 
"The reason that people did not bum the smoke was, that it did not pay," 
and I guess that is about the size of it today. There are plenty of methods of 
consuming smoke. The water jet in the base of the stack is quite efficient and 
easily installed — just a little steam piunp. I call to mind a plant up in Lan- 
caster, Pa., where they double their boiler capacity in the same stack, and 
where they are able to bum bituminous coal without any smoke coming out. 
I do not know whether it has been itistalled here or not, but it is a simple opera* 
tion, and what the economic effect was, I do not know; that is easily foimd out, 
however. 

Of course, in iron heating fiunaces you cannot bum bituminous coal without 
smoke and get any good results. For instance, if you bum your fuel completely 
you will bum your iron. 

I would call attention to my paper read before this Society, in 1903, on the 
Gaseous Fuel Question. You will find it in the Journal; in which I pointed out 
that there is ten times as much coal used for heating the city as there is for 
lighting. What we want to do is to increase our consiunption of gaseous fuel, 
and do away with our bituminous and other fuel. It costs us more to deliver 
coal than it is worth; when you think of the destruction of carpets and every- 
thing else; and if the United Gas Improvement Company would recognize the 
fact that they could consume ten times as much fuel as they do and sell their 
gas for heating, we would have a much better condition in the city of Phila- 
delphia, and we would reduce our cost of gaseous fuel to where it ought to be. 

More than twenty years ago the cost of gas in Milwaukee, which then had 
only 240,000 inhabitants, was 48 cents delivered at the consumers' meter. If 
you were to make five times as much gas as you are using here, you could reduce 
it to 80 cents. 

Prof. Fernald. — I am somewhat reluctant to speak on this topic, as I am 
ahnoet a stranger to Philadelphia. It was my good fortune to live in Cleveland 
twelve years, and in St. Louis five years. I spent a day or two a week for many 
months in Pittsburgh and have had considerable to do with smoke problems. 
In Pittsburgh I have had charge of some of the Government work relating to 
smoke problems and problems of combustion. My attendance here is purely 
accidental, but I am much interested in this problem, and there are some points 
regarding it upon which my views may not coincide with those which have al- 
ready bwn presented by some of the gentlemen here. 

Many of the points touched upon are exceedinly important, and I think we 
are working in the right lines to stimulate interest. Before we can do much 
with smoke prevention, we have to stimulate public interest and mould public 
sentiment. To my mind it is folly to start out in the political camp to solve 
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the smoke problem. To make political appointments, and to carry on the work 
as a political proposition, expecting to clean up the smoke problem in two years, 
three years, or four years, is not the right way to go about it; the political factor 
must be eliminated. I believe it necessary to start out with a twenty-five year 
proposition, nothing less. In Cleveland, Pittsburgh, or in St. Louis, it may take 
even longer. In Philadelphia we ought to start inmiediately. I have not 
be^i here more than three times in my life, and I thought Philadelphia was a 
clean city imtil today when I was much astonished, in looking from a high 
building, to see the amoimt of smoke you have here. It seems to me it is neces- 
sary for you to get busy before the conditions get thoroughly bad. The smoky 
condition here is creeping in slowly and ought to be checked. It is entirely 
possible to bum soft coal without making smoke, but it takes an exceedingly 
careful study of the type of furnace and other conditions relating to draft, etc. 
A couple of examples will illustrate. 

In tests made by the Government in connection with torpedo boat service, 
attempts were made to use briquettes made from bitiuninous coal in an effort 
to eliminate smoke, so the boats could steal into harbors without being detected 
by a line of smoke behind them. Under the bow boilers the raw coal was used, 
and in the stem furnaces the briquettes were used. The draft carried with the 
briquettes was only half that required for the raw coal. The steam gauges on 
the boilers in which the raw coal was carried did not get up to fiill pressure, 
while the boilers used with the briquettes were blowing off during the entire 
trip with the boat making a speed of 30 knots. There was a slight 
trail of smoke with the raw coal, and tremendous volumes from the briquettes 
from which no smoke was expected. The combustion took place all the way 
up the stack and way beyond the stack. The question was one of improper 
combustion space for the fuel used. 

If you go into the Grovemment Testing Laboratory at Pittsburgh, you will 
find there a combustion chamber 40 feet long, with a Murphy stoker. They 
bum there 40, 50, 60 and 65 poimds of coal per square foot of grate area per 
hour and get no smoke. Perfect combustion is established before the gases 
reach the end of the combustion chamber. The same thing can be done else- 
where. A given coal can be bumed and burned efficiently, with proper settings 
and proper furnaces. 

I am not altogether in sympathy with trying to create too strongly the im- 
pression that smokeless combustion is a big money saver. It is a money saver 
indirectly; for instance, in Cleveland it has been estimated that the annual 
cost due to incidental troubles from smoke amounts to $12.00 per capita or 
about seven and a half million dollars per year. But then comes the question 
of whether a manufacturing plant is working more efficiently when it is making 
smoke than when it is making no smoke. There are conditions imder which 
you can run your plant without smoke, and these are the ideal conditions, but 
the average manufacturing plant, as manufacturing is done today, is develop- 
ing much more rapidly than the boiler equipment and the power plant itself, 
and the result is that the owner is trying to get two or three times the designed 
capacity out of the boiler plant in order to get efficient returns from a manu- 
factming standpoint. There are two problems: One, efficiency from the opera- 
tion of the coal; and the other, efficiency from the standpoint of the manu- 
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factiirer. The smoke inspector may say "you ought to spend thousands of 
dollars to rebuild the power plant." As I said before, I think, smoke elimina- 
tion is a 25-year proposition, and if I were going at the thing, I would outline 
something like this: Get public sentiment with you, eliminate politics, and ap- 
point a conunission of engineers to attack the whole problem from an engineer- 
ing standpoint. I would not fine everybody that makes smoke now, but would 
frame laws in such a way that every new plant that goes in and every old plant 
that is remodeled must be adapted to the local coals which are to be used. In 
this way the problem will be gradually worked out, although it will take years, 
because there are a great many boilers that have just gone into new plants and 
a good many plants that have just been remodeled. 

Finisher than this, there are very few engineers in the country today suffic- 
iently famihar with the problems of combustion to enable them to design with 
guaranteed success furnaces adapted to the wide variety of fuels. Careful 
researches and investigations are already imder way relating to this subject, 
and the time will siu*ely come when competent engineers can be secured for 
handling this particular part of the problem. 

Mr. Lukbns. — In reference to smoke, I would first caU your attention to the 
Ordinance of Coimcil, passed December 9, 1904. 

Two men have been appointed at salaries of $1,200.00 per year. It is their 
duty to take observations and report violations to the office. 

The offenders are informed of such violations and are notified to appear at 
the office and are. instructed to make some provision for eliminating the smoke, 
and after being given sufficient notice and no provision has been made for the 
abatement of the smoke, legal action is then taken. The Bureau has foimd it 
necessary to take action in 104 cases and this has caused a considerable reduc- 
tion in the smoke nuisance; but during the last anthracite coal strike, many 
manufacturers were compelled to lay in a considerable amoimt of the soft coal. 
Many of these were anthracite coal users and we have had considerable dif- 
ficulty to have them return to the use of anthracite coal. 

There have been installed in the city: 143 Murphy stokers; 96 Rooney stok- 
ers; 11 Jones underfed; 36 TaylOT underfeed; 4 chain grates; 83 steam jets and 
automatic shaving feeds. 

There has also been an abatement of smoke by 110 plants returning to the 
use of anthracite coal, thereby eliminating many complaints of the smoke. The 
complaints have not been confined to the stationary plants as the Bureau re- 
i^ives many complaints against the smoke from the railroads; and under the 
ordinance of Councils, ten (10) minutes are allowed for emitting smoke from 
locomotives when preparing fires, but does not specify in what time this 10 
minutes smoke is allowed, which practically means a continuous smoke in the 
West Philadelphia Yards, where the fires of 300 locomotives are prepared daily, 
causing a considerable amount of smoke to be emitted. A large number of 
offenders are located along the railroads, and when they are compelled to make 
provision for abatement and comply with the law, they complain that they 
should be granted the same privilege as the railroads. 

I believe if we could get the newspapers interested and public sentiment 
aroused, the smoke nuisance could be reduced to a minimum; and it is useless 
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to pass an ordinance making it a misdemeanor for one line of business to emit 
smoke and at the same time exempt some other form of business which may or 
may not be a greater nuisance. 

Mr. Hartley. — This subject is not familiar to me just at present; in fact, I 
did not know what the subject announced for this evening was going to be until 
1 arrived here, consequently I have given it no thought. However, it is a very 
important one in connection with the prevalent reform spirit now extending 
along sanitary lines of hygienic improvements. It is also of such scope as to 
exclude the possibility of thoroughly discussing in one evening the many means 
for eliminating the smoke nuisance. 

Speaking from memory, I think we had this subject under discussion before, 
and about the time Mr. John M. Hartman was championing a bill before our 
City Coimcils — ^the object of which was for an Ordinance looking to compulsory 
means for abating, at least to some extent, the smoke nuisance. But unfor- 
tunately by the time the bill had got through that body it had been so muti- 
lated as hardly to be recognizable, and what was left of it seemed to favor loco- 
motives and all low stacks, as the Ordinance permitted the issuing of black 
smoke from stacks of a height covering that of locomotives; while for higher 
chinmeys the color was restricted to a light gray. 

To come to the principal cause of the existing smoke nuisance in this City, 
apart from the scientific principles therein, lies simply in the well known facts 
of the lack of boiler capacity in many of our manufacturing plants, owing to 
which necessitates heavy firing or the forcing through the furpaces of probably 
double the quantity of fuel that can possibly be perfectly consumed, in order to 
make up, as supposed, the power deficiency. In other words, should perfect 
combustion of say 15 pounds of soft coal be obtained per square foot of grate 
surface under natural draft, and giving ofT a minimiun amount of smoke, the 
same result could not be expected if the amount of coal be increased, other con« 
ditions being the same, consequently a voluminous amount of smoke. 

However, I notice a marked improvement in regard to snaoke conditions over 
former years, due probably to more stringent measures and better knowledge 
in regard to firing of boilers and the general use of butiminous coal. 
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While the Engineering Profession is somewhat familiar with 
the development in the construction of reinforced concrete build- 
ings by what is known as the '*Unit'' method of erecting a building 
of previously moulded members, their acquaintance with the sub- 
ject has been more or less through isolated and experimental devel- 
opments, and few of them realize the scope of application and large 
amount of work in which these methods are now being employed. 

It is not the object of this paper to enter into a long technical 
discussion of the merits of design of the unit method, which some 
of us believe to be based upon more rational and economical prin- 
ciples than commonly practiced, but rather to call attention to the 
extent of the development which we believe will some time culminate 
into standard practice for typical reinforced concrete building 
construction. 

I think it is conceded by most engineers that our present common 
practices in reinforced concrete construction are crude and un- 
scientific ; — ^unscientific for the reason that we are compelled to use 
relatively large factors of safety owing to the unreliability of the 
quality of concrete which is made in the field and deposited in 
forms under the so-called ** monolithic * ' system, and uneconomical 
on account of the enormous waste in materials for making forms. 

The science of concrete construction is to a certain extent passing 
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through the same development through whicji iron and steel passed 
not so many years ago. Much credit for the present high develop- 
ment of this science is due to the manufacturers, who by perfecting 
processes, have given us a product which runs so uniform that 
factors of safety of three are common practice. 

Under properly controlled conditions, it has been demonstrated 
that concrete can be made with an ultimate compressive strength 
averaging from five to six thousand pounds per square inch at 
sixty days of age, yet under our present practice in design it is 
quite uniformly conceded that six to seven hundred pounds is 
as high a limit as we are safe to take as the working stress. While 
this seems like an absurd factor of safety as compared with other 
structural materials, the development of the science has been 
fraught with too many accidents to warrant our taking higher 
working stresses. 

I think it safe to say that the majority of failures in concrete 
construction are directly traceable to inferior concrete, and the 
greatest problem of the engineer is how to insure getting a mate- 
rial of proper quality, and strict adherence to design under present 
field methods of construction since unlike all other structural 
materials the members are moulded in place and cannot be pre- 
viously tested or inspected until they become an integral part of 
the building, after which correction of defects is practically im- 
possible. 

With the constantly increasing price of lumber, the unsatisfac- 
tory results obtained by standard steel forms for monolithic con- 
struction, and the testimony of many of our largest contractors 
to the effect that the cost of temporary forms for structural concrete 
now averages from one-third to one-half of the total cost of the 
structure, it is evident that there is an opportunity for large econo- 
my in form expense. 

These are the two primary incentives which have led to the 
development of the unit system of concrete construction under 
which the members are separately moulded either in a permanent 
or temporary factory, where practices can be standardized and con- 
ditions created to insure a uniformly high grade concrete, and the 
form expense reduced on account of its being possible to remove 
the forms much quicker than they can be in a monolithic structure, 
with the consequent reduction in the number of forms required 
and thus the cost. 
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An offset against the saving in forms is the special equipment 
required to economically handle and erect the units after manufac- 
ture. Great credit is due those who have been most instrumental 
in the development of this system for the bold manner in which 
they have attacked this problem. Realizing that the application of 
modern labor saving devices to building has been far 
l)ehind its application in the other industries, they have conclusively 
jshown that the old hand methods on which little improvement has 
been made for centuries, are capable of being made much more 
•economical by the application of modern machinery for handling 
large heavy members. 

The problem that at once comes to an engineer's mind when the 
unit method of construction is mentioned is whether or not a build- 
ing so constructed will be as rigid and stiff as the so called * * mono- 
lithic'* construction. The first question asked is how can concrete 
units be connected to insure proper stability in the completed 
structure? Such a question is obviously well taken as concrete 
is not a material like steel and timber, which makes it impossible 
to apply the common practice of structural steel and mill construc- 
tion connections. 

It is probably in the solution of this problem that the greatest 
progress has been made in recent years, yet the solution has been 
comparatively simple — the principle of design of unit connections 
being identical to the design of the structure itself, niamely, the 
lx)nd between concrete and steel, suflBcient steel being exposed at 
the connection so that when the joints are filled with concrete it 
insures complete development of the steel and concrete for the 
tension and shear stresses. 

Many make the mistake of assuming that the so-called ** mono- 
lithic'' concrete structure is really monolithic. "We who are familiar 
with the actual practice in pouring concrete in such a building know 
how impossible it is to deposit concrete continuously so that all 
parts of the building, or even one floor, will have the successive 
batches of concrete deposited before the preceding batch takes its 
initial set. The result is always a building of comparatively large 
monolithic units, the joints coming at such places as field con- 
ditions allow. By unit methods such joints always come at pre- 
determined points. 

It is a fallacy in criticizing the design of a structure built up of 
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previously moulded units as compared with a building built by the 
so-called ** monolithic'' system, to assume that the concrete, being 
more or less continuously deposited, gives a more rigid and safer 
structure. Such an assumption can only be based on the hypothesis 
that it is the strength of concrete in tension which ties a building 
together instead of the steel. We all know that the basis of theory 
of design for concrete and steel is the bond between concrete and 
steel, therefore, to construct a building of previously moulded units 
it is only necessary to work out the details of connection to insure 
a proper bond of the steel, to obtain equally strong and rigid struc- 
tures as can be built by the so called ** monolithic '^ system. As a 
matter of fact, the continuous casting of large volumes of concrete 
where heavy and light sections such as girders, columns, and slabs 
are made monolithic, has lead to some of our greatest diflSiculties 
in concrete construction, the worst of which has been the proper 
provision for reinforcement to prevent cracks by differential tem- 
perature expansion, and shrinkage of concrete during set. 

By the separately moulded method the shrinkage takes place 
before the member is in position, and the best of opportunity for 
properly taking care of temperature stresses and expansion is 
afforded by the large number of joints between the field and prev- 
iously moulded concrete, among which the total movement is so 
distributed as to make the movement at any single point impercept- 
ible. 

In addition to the advantages as regards theory of design above 
mentioned, the separately moulded system has proven advantageous 
in that the members can be finished within a few hours after being 
cast. This subject of finish of concrete is one that is becoming of 
more and more importance. On the so called ^* monolithic *' struc- 
ture where the forms must be left on for weeks after the members 
are cast, it is extremely difficult to finish the surface except by 
the expensive process of cutting or the unsatisfactory method of 
plastering. 

The exposed surface of the Unit members can be given a variety 
of treatments, and by the proper selection of aggregates the appear- 
ance can be made as artistic as cost will allow. 

The unit method also has another advantage in the speed in which 
buildings can be erected. This is often a very valuable consideration 
where replacements are being made, or construction on property 
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the producing power of which is lost during the time it takes to 
build a new structure. 

The first developmeut in separately moulded concrete units 
was in the form of floor sections to take the place of ordinary "mon- 
olithic" concrete or terra cotta between steel beams. 

Floors of this kind have been on the market for some time and 
you are doubtless quite familiar with their general details and 
development. 

It has been conclusively proven by the result of tests made on 
these factory floor sections that the usual working stresses which 
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are used for the design of structures where field concrete is to be 
used should not be made the legal requirements for design when 
factory made concrete is to be used. Where the concrete is made in 
the factoiy under conditions which insure a uniform product that 
at the age the member is to be used will have an average compressive 
strength of at least five thousand pounds per sf|uare inch, and which 
is subject to regulation by actual physical test of the members 
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before use, a working stress of five handred, or even seven hundred 
and fifty pounds per square inch is obviously absurd. 

Fig, 1 shows the details of a type of floor construction designed 
by the writer and manufactured by the Onondaga Litholite Co., 
Syracuse, N. Y., for various buildings in Central New York. The 
plant of this company designed for the manufacture of a high 
grade artificial stone was admirably suited for a complete demon- 
stration of the possibilities for factory made structural concrete, 
they having their own crushing and screening machinery and 



arrangement of storage, so that at least three sizes of aggregate 
could be used in proportioning concrete, and the aggregate itself 
being selected for its particular value for making structural con- 
crete. As shown in the illustration, the design of the floor consists 
of floor beams with intermediate slabs, the floor beams being made 
ui a combination of metal and sand moulds, the particular value of 
which for producing strong dense concrete has long been well 
known by the profession, and the slabs being made by the vibra- 
tory process of packing concrete, a method which is by no means 
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new, yet producing remarkable results as regards strength and den- 
sity of concrete. 

Fig. 2 is a perspective drawing showing the application of this 
unit beam and slab type of construction. 

Pig. 3 shows a factory floor having a 19' 0" clear span designed 
for 150 lb. live load, having sustained a test load of six hundred 
pounds per s<iuare foot with inappreciable deflection and having 
an actual dead weight of only forty lbs. per s<tuare foot. 



Pig. 4 illustrates as chool building at Kenwood, N. Y., where 
Riniilar floors were used. This structure was built with a structural 
steel frame using terra cotta curtain walls and unit concrete 
floors, the floors having a clear span of 2.i'0". All exposed struc- 
tural steel was properly fireproofed, making a strictly fireproof 
structure throughout, and although the members were shipped 
nearly tifty miles by rail from the factory and then teamed nearly 
ten miles to the site of the building, it was constructed at the remark- 



38 Watson — The Development of Unit Slruditral Concrete. 



Watson — The Development of Unit Structural Concrete, 39 

ably low cost of less than fifteen cents per cubic foot. The interesting 
feature on this work was the design of the roof beams. Instead of 
building a flat roof as is customarily done in concrete construction, 
with cinder fill on top to give proper drainage, the roof beams were 
made with the top flange on a slope so that when the slabs were 
laid in place it gave proper drainage to one point. 

One of these beams is shown in Fig. 5, together with one of the 
6' 0" standard floor slabs. 

Fig. 6 shows a gang of these 6' 0" slabs being dismantled after 
having been removed from the vibrating machine. It is interesting 
to note that these slabs were made on end, about a thousand square 
feet of floors in each gang, and that the vibratory process com- 
pletely fills this form, although the section in some cases is less than 
1" and obstructed by a relatively large amount of reinforcement. 

The reinforcement of these slabs is specially designed to permit 
of very quick assembling and the prevention of any movement of 
the steel in the forms during vibration. 

While the foregoing views illustrate the development in Unit 
Structural Concrete made possible by permanent concrete factor- 
ies, such development has been limited almost exclusively to floor 
members on account of lack of equipment for handling larger units. 
There has, however, been a general development of unit methods 
in field construction for all, or practically all, the members of a 
building to be manufactured at or near the site and erected much 
like structural steel or mill construction. While the conditions under 
which these structures are built of field made units are not such as 
to produce the results obtained in factories, it is only a matter of 
volume of demand before permanent factories will be established, 
making this possible. 

The reader is doubtless already familiar with most of the pre- 
liminary work of this kind executed in America, among which are 
the Textile Machine Works at Reading, Pa., built under the Vis- 
intini system by the Concrete Steel Co. of New York, the kiln 
house of the Edison Portland Cement Co., built in 1908, a car 
bam at Harrisburg, Pa., built by Mason D. Pratt, and the work 
of Ernest L. Ransome, C. E., for the United Shoe Machinery Co., 
at Beverly, Mass. 

In 1908 the speaker employed the unit system in the design of a 
factory at Syracuse, N. Y., employing Unit methods under rather 
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peculiar conditions in that the buildiog had to be built od filled 
ground on which piling was impractical and where uniisiiat settle- 
ment was expected. The structure was designed as an articulate 
skeleton with bolted connections quite similar to what would be 
designed for timber, and is interesting on account of the unusual 
length of the roof beams which were 44' 0" over all, having a clear 
span of 41' 6", weighing about 61/3 tons. 



Fir. 7. 

Fig. 7 is a view of this plant during erection. 

The largest demonstration as regards amount of work executed 
and perfection of details in the unit method of construction has 
been made by the Unit Construction Co. of St. Ifonis, Mo., who have 
been actively engaged in this form of construction for the past 
five years, during which time they have built many structures of 
various types throughout the country, having under construction 
this season alone buildings containing no less than forty acres of 
floor space. 

This company, who controls practically all the patents issued 
on unit concrete construction, employ the unit system on practically 
all the members of the building, including walls, columns, and even 
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skylights. Buildings as high as six stories have been successfully 
constructed and a complete demonstration made of the practicabil- 
ity of the system to high, as well as low, structures except, perhaps, 
for a slight difference in cost of etjuipment for erection. 



Fig. 8, being a view of the office, oil house and stable of the 
National Lead Co. at St. Louis, Mo., illustrates the general applica- 
tion and appearance of their typical Unit structures. 

Fig. 9. The Ohio Cultivator Works, Bellevue, Ohio, under 
construction, illustrates the typical details of the interior members 
and generfil method of erection. 

Fig. 10. The National Enameling and Stamping Co, 
at Granite City, III., illustrates the general interior appearance of 
a completed unit constructed factory. It will be noted that the prin- 
ciple of design in these connections is c|uite identical, that is suffi- 
cient steel is exposeil at the joints so that when the field concrete 
or grout is poured in there is sufficient bond between the field 
concrete and the steel to take care of all necessary stresses. 
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Where concrete wail slabs are used these are made to span from 
column t» column and held in position by slots cast in the column. 



Fig. 12 shows the method of sptieiiig the eoiutnn. It will be noted 
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that the cohimn is held in position by means of the clamp, permitting 
the proper overlapping and exposure of the steel to be grouted in 



Fig. 14. 
at the joint, the clamp being removed when the field concrete has 
properly set. 

The field equipment for manufacture, handling and erection of 
these members is a very important factor. 
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The spouting system is quite generally employed in the manufac- 
ture, using a specially designed concrete distributing tower illus- 
trated in Fig. 13. 

The members are taken from the yard to the site of the building 
by locomotive cranes, the crane removing the members from the 
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form and placing them on flat ears for delivery to the erection 
derricks. 



Fio, 17, 
Fig. 14 shows a trainload of these units being delivered at 
the site of one of thei" jobs. 

Fig. 15 shows one of their standard erecting cranes. 
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Some of the largest contraeta which this company have under 
construction are that of the Post Textile Co., at Post City, Texas, 
the exterior of which is shown in Fig. 16, and the Interior in Pig, 17. 
This plant has a floor area of five acres. 



Fig, 18 shows one of the eighteen 42' lattice type girders 
which were used on this structure. 

Another large factory, just completed, is that of the Sturgis Burn 
Co., at Melrose Park near Chicago, the ground area of this plant 
being about five acres. 

Fig. 19 shows the ground plan and Fig. 20 the typical section 
of this plant. 

Fig. 21 shows a grain elevator built at Hammond, Indiana. 

Figs. 22, 23, 24 show exterior and interior views of a round house 
for the Saute Fe at Riverbank, Cal. 
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The largest plant which this company now has under construc- 
tion is that of the Terminal Warehouse Co., at Memphis, Tenn., 
consisting of cotton warehouses covering about sixteen (16) acres 
of ground. 

This company also has under construction at Philadelphia, a 
car house for the Philadelphia Rapid Transit Co., covering 
about five acres of ground. 

This building was designed by the architects and engineers of the 
Philadelphia Rapid Transit Co. ,with the idea of using Unit 



Methods and the design was only slightly modified to conform to 
the standard details of the T'nit Construction Co. 

There are ten 37' 6" bays, column spacing 16' 0", there being in 
all something over three hundred roof girders, each weighing be- 
tween eleven and eleven and a-half tons. 

Fig. 25 shows the casting yard of this job and a nest of girders 
after the forms were removed. 

Fig. 26 ditto showing the columns. 

Fig. 27 shows the start of the erection of this work, cranes, der- 
ricks and erected members In the background and the roof members 
and girders in the foreground. 
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Paper No. 1118. 

SANITARY PROTECTION OF THE WATER SUPPLIES 
TAKEN FROM THE GREAT LAKES* 

BY GEORGE C. WHIPPLE 
Professor of Sanitary Engineering, Harvard University 

Read November Z, 191Z 

More than five million people live in cities and towns near the 
shores of our Great Lakes. Most of these communities take their 
water supplies from the lakes and discharge their sewage into them. 
Except where the water supply has been purified before being used, 
this practice has very seriously affected the health of the lake cities 
and has been the cause of much loss of life. With our present sani- 
tary knowledge it seems strange that such a filthy practice should 
have been ever tolerated. It is still more strange that raw lake 
water should continue to be used in cities which are doing so much 
in other ways to improve public hygienic conditions. The object 
of this paper is to set forth the problem in its various aspects, to 
show the effect of the use of raw contaminated lake water on the 
public health and to point out the ways in which the problem has 
been solved or may be solved under different local conditions. 

The Great Lakes. 

The Great Lakes drain an area of nearly three hundred thousand 
square miles, of which about two-thirds is land area and one-third 
water area. The following figures show the relative magnitude of 
the various lakes: 



* Read at the International Congress of Applied Chemistry, September, 1912. 
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Data Relating to the Great Lakes. 



Lake. 



Land 

Surface. 



Water 

Sdrpace, 

Square 

Miles. 



Total. 



Mean Elevation 

Above Sea Level 

AT New York. 



Maxiuum 

Observed 

Depth, Feet. 



Superior . 
Michigan 
Huron . . . 
St. Clair . 

Erie 

Ontario . . 



Total 



48600 
45700 
52100 
6335 
24480 
25720 

202935 



31800 

22400 

23200 

495 

9932 

7260 

95037 



80400 
68100 
75300 
6780 
34412 
32980 

297972 



602.28 
581.36 
581.41 

572.62 
246.2 



1012 
864 
750 

• • • • 

210 
738 



Lake Superior is the largest body of fresh water on the globe. 
According to the United States Lake Survey (Bulletin 14) "it is 
characterized by deep water, and high and rocky shores along a 
large portion of its coast. Compared with the other Great Lakes, 
its surface is more elevated above the sea; it is more irregular in 
outline, has deeper and colder water, more fog and ice, but less 
rain; the winds and seas are not greatly different from those of the 
other lakes.'' The major axis of the lake lies east and west. The 
lake discharges at its east end through the St. Mary's river into 
Lake Huron. The discharge at mean stage was measured in 1902 
and found to be 60,600 c. f. s. Lake Superior has few large cities 
on its shores and for the most part these are widely separated. Lake 
Superior has a shore line of about 1,925 miles, of which about 925 
miles are in Canada. Of the remainder about 185 miles are in 
Minnesota, 185 miles in Wisconsin and 630 miles in Michigan. 

The major axis of Lake Michigan lies north and south, except 
that in the northern part it turns easterly. Its average depth is 
about 288 feet and its capacity 179 million cubic feet. Its eleva- 
tion is about the same as that of Lake Huron with which it con- 
nects through the Straits of Mackinac. Its natural discharge is 
about 87,000 c. f. s. Lake Michigan also has an artificial outlet 
through the Chicago River, the Drainage Canal, the Des Plaines 
River and the Illinois River westward into the Mississippi River, 
through which the flow is between 6,000 and 7,000 c. f. s. at the 
present time. The east shore of Lake Michigan is sandy and the 
harbors are not good. On the western shore there are a number 
of better harbors, located usually at the mouth of some river. These 
rivers are for the most part small. Green Bay is an important arm 
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of the lake on the west side. The pollution problem at the southerly 
end of Lake Michigan is a more important one than elsewhere in 
the Great Lakes, as there are numerous cities along the shore rel- 
atively near together. Lake Michigan has no Canadian boundary. 
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Its shore line in the United States is about 1,470 miles, 905 miles 
of which are in Michigan, 450 miles in Wisconsin, 60 miles in Illi- 
nois and 55 miles in Indiana. 

Lake Huron lies northwest and southeast. It discharges into 
Lake St.Clair through the St. Clair River, the discharge at mean 
stage being about 212,000 c. f. s. Georgian Bay is an important 
arm of the lake on the east side. Lake Huron is relatively unim- 
portant from a water supply standpoint, as there are few large 
cities along its shores. It has about 1,900 miles of shore line, of 
which 1,320 miles are in Canada and 580 miles in the State of Mich- 
igan. 

Lake St. Clair is a relatively small body of water through which 
a twenty foot channel has been dredged. It discharges into the 
Detroit River, which in turn flows into Lake Erie. It has only 
about 155 miles of shore line and no large cities are situated upon it- 
Lake Erie is the shallowest of the Great Lakes. Its average 
depth is only 63 feet and its maximum depth 210 feet. Its capac- 
ity is about 17,500,000 cubic feet. Its axis lies east-northeast and 
west-southwest. Ordinarily calm, it is easily influenced by the 
high winds, which raise dangerous seas. Lake Erie discharges 
through the Niagara River into Lake Ontario. The discharge over 
Niagara Falls at mean stage is said to be about 227,300 c. 
f . s. There are a niunber of relatively large cities along the southern 
shore of Lake Erie, but most of these are widely separated. The 
shore line of Lake Erie is about 820 miles long. Of this about 340 
miles are in Canada, 45 miles in Michigan, 290 miles in Ohio, 65 
miles in Pennsylvania and 80 miles in New York State. 

Lake Ontario, the last and smallest of the chain of Great Lakes^ 
except Lake St. Clair, lies nearly east and west. It is compara- 
tively deep, and accordingly the fluctuations of level are relatively 
less than on Lake Erie. It discharges into the St. Lawrence River, 
the discharge at mean stage being about 270,000 c. f. s. The ca- 
pacity of the lake is about 450 million gallons. There are relatively 
few large cities located on Lake Ontario, the most important one 
being Toronto, Ont. The total shore line of Lake Ontario is about 
980 miles, of which 600 miles are in Canada and 380 miles in New 
York State. 

Quality of the Broad Waters of the Great Lakes. 

Generally speaking the water of the Great Lakes away from the 
shores is of excellent quality for the purposes of a public water 
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supply. It is rather hard, but is softer than most of the water 
supplies taken from streams or from the ground in the same gen- 
eral catchment area. Lake Superior water is somewhat softer than 
that of the other lakes. This is shown by the following figures taken 
from a report by R. B. Dole on the Quality of Surface Waters ia 
the United States (U. S. G. S. Water Supply Paper No. 236). 



Analyses of Great Lake Waters. 





1 Lake 

1 « 


Lake 


Lake 








SUPKRIOR 


Michiqan 
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Lake 


St. Lawrence 
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River at 
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Parts 


Per Million. 




Total dissolved solids 


6.0 


118.0 


108.0 


133.0 


\ 134.0 


Turbidity 


.2 


tr. 


tr. 


41.0 


4.5 


Silica (SiO*) 


7.4 


10.0 


, 12.0 


5.9 


' 6.6 


Iron (Fe) 


.06 


.04 


.04 


.07 


1 .05 


Calcium (Ca) 


13.0 


26.0 


24.0 


31.0 


31.0 


Magnesium (Mg) 


3.1 


8.2 


7.0 


7.6 


7.2 


Sodiimi and Potassium 










1 


(NaandK) 


3.2 


4.7 


4.4 


6.5 


6.3 


Carbonate radicle 










1 


(CO») 


0.0 


2.9 


1.8 


3.1 


1 2^ 


Bicarbonate radicle 










1 


(HCO») 


56.0 


112.0 


100.0 


114.0 


1 116.0 


Sulphate radicle (SO*) 


2.1 


7.2 


6.2 


13.0 


12.0 


Nitrate radicle (NO«) 


0.5 


0.3 


0.4 


0.3 


0.3 


Chlorine (CI) 


1 11 


2.7 
Per Ce 


2.6 
NT. OF Dry 


8. 


1 7.7 




Residue 




Silica (S102) 


12.7 


8.5 


11.11 


4.6 


' 5.0 


Iron oxide (Fe^oS) 


0.2 


0.0 


0.0 


0.1 


1 0.1 


Calcium (Ca) 


22.4 
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22.3 


23.4 


23.6 


Magnesium (Mg) 


5.3 
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6.5 
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5.5 
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1 4.8 
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47.4 


44.8 


46.7 


Sulphate radicle (SO*) 
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5.8 


9.8 


9.2 


Nitrate radicle (NO^) 
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0.3 


0.4 


0.2 


0.2 


Chlorine (CI) 


1.9 


2.3 


2.4 


6.6 


1 5.9 
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culated ftt>m Ca and 






1 






Mg) 


45.4 


99.2 


89.2 1 


108.2 


107.5 


Permanent hardness 


1 








1 
( 


(Calculated from 












SO* radicle only) 


2.2 1 

1 


7.5 


6.5 1 


13.6 


12.5 



f 
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The total hardness of Lake Superior water was 45, Lake Michigan 
water 99, Lake Huron water 89, Lake Erie water 108, and the St. 
Lawrence River water 107 parts per million. The permanent 
hardness likewise increased from about 3 parts per million in Lake 
Superior to 13.5 parts per million in Lake Erie. These figures 
correspond well with other data published elsewhere in connection 
with the water supplies of particular cities. 

The chlorine is slightly higher in Lake Michigan and Lake Huron 
than in Lake Superior. It increases considerably in Lake Erie on 
account of the effect of the sa!t water from the oil well region of 
Ohio, which enters Lake Erie at the westerly end at various points 
between Toledo and Sandusky. In some parts of the lakes in the 
vicinity of these cities the chlorine in the water exceeds 10 'parts 
per million; opposite Cleveland it ranges from 6 to 8 parts per mil- 
lion and at Buffalo it averages about 7 parts per million; in Lake 
Ontario it decreases slightly, presumably because of dilution. 

The lake waters contain less than 0.1 part per million of iron. 

The amount of organic matter in the broad waters of the lakes 
is very small. The waters have a very low color, usually less than 
10, and are practically tasteless and odorless. Occasionally slight 
growths of algae occur, but they are almost never troublesome, 
except when the water is stored in open reservoirs before use. 

The numbers of bacteria in the broad waters of the lake are 
almost invariably small. The bacterial counts made on gelatine 
at 20° C. according to standard methods are normally less than 
100 per cc. during the greater part of the year. In smnmer they 
are less than this. After periods of rain and high winds they in- 
crease somewhat. 

Of the condition of the water at the bottom of the lakes where 
deepest, its temperature, its dissolved gases, etc., very little is 
known. 

Quality of the Shore Water. 

The water near the shores of the lake may be quite different in 
quality from that farther out. This depends much upon the char- 
acter of the shore, the proximity and character of inflowing streams, 
the season of the year, the wind, and many minor factors. Gen- 
erally speaking, the shore water is more turbid and contains larger 
numbers of microscopic organisms and bactena than the broad 
waters of the lake, and what »s more important, it is more likely 
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to be contaminated with sewage discharged either directly into the 
lakes or into streams that flow into them. In the vicinity of large 
eities, and especially when these are situated upon large rivers, the 
pollution of the shore waters is a very serious matter. 

The turbidity of the shore water is caused in part by washings 
from the land and in part by disturbances of mud deposits that 
have already taken place in the lake. During the author's investi- 
gation of the water of Lake Erie in the vicinity of Cleveland, in 
1904, samples of water were collected at various distances from 
the shore near the city where the lake was polluted and at some 
distance from the city where the pollution was relatively small. 
Weekly analyses made between June 8th and August 26th showed 
the following average turbidities at different distances from the 
shore, at a point four miles west of the city, where the lake was but 
little contaminated. 



Quality of Lake Erie Water at Different Distances From 

THE Shore Near Cleveland. 
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1 
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1 
Turbidity. 
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1 
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1 
1 

23 
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1 
1 


40 


6.5 
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2 ' 


44 


6.3 


17 


8 


957 


3 


48 


6.1 


11 


9 


661 


4 ' 


54 


6.1 


10 


' 7 


378 


6 t 


57 


6.2 


; 8 


, 5 


465 


8 1 


60 


6.1 


7 


1 5 


219 


10 1 

1 


66 


6.1 


! 3 


' 3 

1 


197 



Owing to the varying amounts of suspended matter carried the 
shore water commonly differs in appearance at different distances 
from the shore. The apparent color of the water varies from a 
dull brown to a deep blue. Not infrequently there is a series of 
well-defined color zones. This was strikingly illustrated at Cleve- 
land on March 15th, 1904, when an extended series of observa- 
tions was made. It was found that at that time there were four 
distinct zones of water of different color and these zones were de- 
fined with great sharpness. Near the shore and extending out to 
-a distance of about 1.5 miles to a depth of 35 feet, the water had 
^ dark brown color. Outside of this there was a zone one mile 
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wide wheie the water was of a light brown color. Beyond this was 
a zone two miles wide where the color was Nile green and still fur- 
ther beyond was the deep blue water of the lake. The turbidity 
of the water and the number of bacteria present in the diflfeient 
zones are shown by the following table: 

Quality of Shore Water at Cleveland, Ohio, March 15, 1904. 



Zone of 



Dark Brown Water 
Brown Water 
Green Water 
Blue Water 



Distance From 
Shore in Miles. 

to 1.5 
1.5 to 2.5 
2.5 to 4.5 
4.5 to 6.5 



Depth 
IN Feet. 

to 35 
35 to 45 
45 to 55 
55 to 65 



Tcrbiditt. 



25 
15 to 25 
5 to 15 
5 or less 



Bacteria 
Per cc. 

2500 or more 

1250 to 2500 

100 to 2250 

100 or less 



It will be noticed that the turbidity varied from more than 25 in 
the dark brown water near the shore to less than 5 in the blue water, 
and that the bacteria decreased from more than 2,500 per cc. in 
the dark brown water to less than 100 per cc. in the clear blue water 
of the lake. 

Similar variations in the turbidity and number of bacteria at 
different distances from the shore have been observed by others, 
and especially by those who have studied the condition of the lake 
water at the southerly end of Lake Michigan. For example, 
Barnard and Biewster in their study of the sanitary condition of 
the southern end of Lake Michigan, bordering Lake County, In- 
diana, between August 19th and September 27th, 1908, found the 
following numbers of bacteiia present at different distances from 
the shore. 



Distance From the Shore 


IN 


Miles. 


Av 


ERAOE 


Nui 


tf BER OF BaCTI 


to 1 


174,000 


1 mile 












15,000 


2 miles 












6,600 


3 '* 












5,800 


4 " 












4,400 


5 " 












1,000 


6 " 












200 



At Milwaukee the width of the zone of turb'd shore water varies 
in different places, accoiding to the profile of the bottom of the 
lake. 
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Generally speaking the wind does not stir the bottom deposits 
to any appreciable extent where the water is more than about 40 
feet deep. Only with extraoid'nary wind velocities are the de- 
posits disturbed at great depths. Undertow currents may carry 
turbid water out to considerable distances from the shore, and thus 
give a false impression of disturbances at greater depths. The ef- 
fect of the shore wash and the disturbance ot bottom deposits, 
taken in connection with the undertow curients, however, is so 
great that no water supply intake has yet been earned far enough 
fiom the shore to avoid the occasional drawing of turbid water. 

One of the longest water supply intakes 's that of Cleveland, 
which is four miles from the shore in 50 feet of water. Between 
February 15, 1904 and June 30, 1905, the following turbidity ob- 
servations were recorded of water at the pumping station: 

Turbidity of Lake Erie Water at Cleveland, Ohio. 
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5 


5+ 


October, 


n 


5 
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9 


November, 
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28 


December, 
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10 
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40 
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5 
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May, 
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4 
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it 


1 


7 


2 



Effect of Inflowing Streams on the Quality of Lake Waters. 

Many of the large cities of the lake are located at the mouths of 
r»vers. This fact has an important bearing upon the quality of the 
local water supplies, ioi the streams aie usually polluted with sew- 



* Three observations only. 
4- Four observations only. 
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age and when the riveis are in flood their wateis may be traced for 
a considerable distance into the lake. Not that these streams pre- 
seive their integrity through the lake waters, but rather that the 
river waters mix with and become diluted by the water of the lake, 
so that the latter become polluted ovei a fan-shaped c*fea which 
vares 'n distance and spread according to the volimie of the river 
and the wind currents in the lake. At times the effect of the river 
wateis can be detected by the senses for several miles ofif shore. 
Thus at Cleveland the water of Lake Erie at the old intake, 1.5 
miles from the shore, frequently had an oily odor, while with a 
strong off-shore wind the oily odor could be sometimes detected 
even farther out. It is said that at times it has been detected even 
at the new intake four miles from the shore. At the east of Lake 
Ontario at certain seasons the dark brown water of the Black River 
can be followed into the lake by its color for a number of miles. 

Movements of the Water. 

Before discussing the question of lake pollution it is important 
to consider the movements of the water in the lakes for upon them 
depends the manner in which the inflowing sewage is mixed with 
the water and dispersed. They may be discussed under the follow- 
ing heads: (1) Movements of Translation. (2) Drift Currents. 
(3) Seiches. (4) Vertical Currents (Temperature currents). (5) 
Local Wind Currents. (6) Undertow Currents. 

Movements of Translation. 

The waters of the lakes do not move as slowly flowing rivers 
toward their outlets, as these movements of translation are masked 
by the more active currents due to other causes. There is, of 
course, an outward flow, but the actual velocity of the water from 
this is extremely small. 

Thus the cross-section of Lake Erie at Cleveland is about 20 
million square feet and the quantity of water passing about 200,000 
cubic feet per second, hence the theoretical easterly movement of 
translation is 36 feet per hour, or 0.16 mile per day. The capacity 
of Lake Erie is about 17,000,000 cubic feet, the discharge at Niagara 
Falls about 227,000 cubic feet per second; hence the storage in the 
lake represents the flow for about two and a half years. 

In Lake Ontario the period of storage is still longer for the cubical 
capacity of the lake is 60,000,000 cubic feet, and the discharge 
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270,000 cubic feet per second. The lake thus holds as much water 
as flows through it in 7.3 years. KuichUng has calculated that 
opposite Rochester the discharge is 237,500 c. f . s. and the easterly 
movement of translation, 193 feet per day. 

In Lake vlichigan the storage is equal to the natural discharge 
in a hundred years, and in Lake Superior it is still greater. 

Drift Currents. 

In all of the lakes there are drift currents of the broad waters 
near the surface due to the resultant action of the prevailing winds. 
Near the shore these currents are modified by the contours of the 
shore and reflected currents or eddies are formed. There are also 
return currents or deep drift currents induced by the general drift 
of the water towards a shore. These drift currents have been some- 
what carefully studied by the United States Weather Bureau and 
maps have been prepared on which the surface currents are shown 
by arrows which represent the results of observations of the paths 
of many floats. 

At the southerly end of Lake Michigan there is a southerly drift 
of the water on the west side past Milwaukee and Chicago, and a 
northerly diift of the water on the east side. The reason for this i& 
that the prevailing wind at Chicago is from the southwest (S. 53° 
W.) and at Grand Haven, on the east shore opposite Milwaukee, is 
more nearly towards the north (S. 39° W.). The surface water being 
thus driven easterly and northerly at the south end of the lake, causes 
an induced southerly drift at Milwaukee, where also the prevailing 
winds are northerly rather than southerly (N. 87° W.). The wind 
records at Milwaukee from 1900 to 1909 show that the winds blow- 
ing southerly exceed those blowing northerly by about 3,000 miles 
per year. This unbalanced ^\ind movement sets up a southerly 
drift of the surface water. This results in a drift of perhaps half 
a mile a day, or 150 miles a year, if the travel of the surface water 
is taken, as it commonly is, at 5% of the wind movement. This 
drift would not be constant, for the wind at Milwaukee seldom 
blows without change from the north for a week at a time, and 
although the wind movement to the south is 3,200 miles a year 
more than that toward the north, the latter amounts to 25,600 
miles per year and the former to 28,800 miles. 

At Cleveland there is a large excess of wind movement from the 
west; that is, down the lake, which amounts to about 24,490 miles 



64 Whipple — Sanitary Protection of Water from the Great Lakes. 

per year, or an average of 67 miles per day. This excess occurs 
eleven months in the year, being greatest dming the winter. If 
the surface water travels at the rate of 5% of that of the wind the 
average surface drift would be 3.35 miles per day, and the maximima 
in the winter, 7.5 miles per day. The drift currents are naturally 
less near the shore than in the broad waters of the lake .When 
they impinge on jutting points they are deflected — sometimes to- 
wards the shore foiming eddies when there are well-defined bays, 
as for example, in Lake Erie near Lorain and Sandusky. These 
eddy currents have been studied only to a limited extent. 

These general drifts of the surface waters are well known by 
navigators and fishermen, and advantage is taken of them in lo- 
cating water works intake and sewer outfalls, so that the sewage 
will be carried away rather than towards the mtake. This practice 
is good as far as it goes, but confidence in it has been in the past 
altogether too great and wholly unwarranted by the facts as they 
are now known. Two great factors have been left out of account — 
the drift currents are not constant, and the intakes are located at 
some distance below the surface and well within the range of the 
undertow currents. 

When the winds drive the water to the end of a lake, the level 
of the lake is raised and the increased head causes a return current 
near the bottom or beneath the neutral axis. Relatively little is 
known of these deep retiun currents beyond fragmentary bits of 
evidence obtained by experience. For example, near the shore of 
Lake Ontario overturned boats with the spread sails acting as sub- 
merged boats have been carried westward against a strong wind 
blowing towards the east. Dead bodies have been carried west- 
ward against a general easterly drift of the surface water. Fisher- 
men's nets at the bottom of Lake Erie have been found clogged 
with debris on the lower side. That such deep return drift currents 
^xist, however, is a natural inference from studies of the undertow 
that have been made at various places. 

Seiches. 

Seiches are rythmic fluctuations in the levels of lakes neai the 
shores that somewhat resemble tides. The wind blowing over a 
body of water tends to pile up the water on the lee shore and lower 
the water level on the weather shore. This continues until the 
wind has exerted its maximum force, after which the lake tends to 
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return to a state of stable equilibrium. When the wind ceases the 
water which has accumulated on the lee shore falls below the mean 
level of the lake, while the water at the other end of the lake rises. 
Thus a series of rockings of the water of the whole lake takes place, 
the water at either end rising and falling alternately until a condi- 
tion of rest is attained or imtil another wind starts the movement 
anew. This phenomenon is the same as may be observed in a 
basin of water where the water is disturbed slightly, moving from 
one side to the other before coming to rest. Other factors than 
the wind tend to produce these oscillations of water level, 'namely, 
differences in barometric pressure at the two ends of a lake, and 
differences of the temperature of the water. The wind, however, 
is by far the most impoitant element m the problem. 

In the Great Lakes the changes in level, due to the seiches, are 
often of considerable magnitude. They were carefully studied in 
Lake Erie by Professor A. J. Henry of the United States Weather 
Bureau in 1900 and described in Bulletin J of the Weather Bureau 
Publications. The fluctuations in the relative level in the water 
of the level at Buffalo at the easterly end, and at Amherstburg, 
Ont., at the west end of the lake, were recorded by automatic gauges. 
Diagrams given in the report show that the surface of this lake is 
almost never at rest, but constantly rocks back and forth, the av- 
erage time of oscillation being between fourteen and fifteen hours. 
These changes in level frequently amount to several feet, and in 
extreme cases to ten or twelve feet or even more. Ordinarily, when 
the wind velocity is less than twenty-five miles per horn*, the dif- 
ferences in level are not greater than one or two feet. 

The storm of September 12, 1900, with a velocity of sixty-five 
miles an hour for two hours, caused the water level at Buffalo to 
rise about six feet above its previous level, while at Amherstburg 
the surface of the water fell about two feet. Soon after the wind 
fell below its highest velocity, the lake level began to fall and con- 
tinued to fall for nine hours, the amplitude of the oscillation being 
7' 2" and the time being a little less than sixteen hours. Professor 
Henry states that "the wind effect of this storm appears to have 
been much the same as would have been produced by a quick, 
powerful blow on the lake surface. The water of the whole lake 
was set in motion about a nodal line, and continued to rock for 
several days, the amplitude of each oscillation being a little less 
than that of the preceding one." Seiches of small amplitude occur 
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even when the weather is not stormy, and in most of the large 
lakes minor fluctuations occur, the level of the lake rising and fall- 
ing a few inches every ten, twenty or thirty minutes, as the case 
may be. 

During the summer when the lakes become thermally stratified 
with a stratiun of cold and relatively heavy water at the bottom and 
warm Ughter water at the top, the seiches produced by the wind 
in the upper strata gradually transfer their motion to the heavier 
water beneath, so that this also acquires an oscillatory motion, the 
amplitude and period of which may be diflferent from that of the 
surface seiche. These variable fluctuations tend to mix the water 
of the two strata in the region of the thermocline. 

The seiches have an important influence on the undertow currents 
described beyond. 

Seiche movements may occur both longitudinally and trans- 
versely at the same time, in fact, this is probably the rule rather 
than the exception. The period of the transverse seiche is shorter 
than the other, so that along the shore in the middle of the lake 
the slopes of the water surface take various directions according to 
the manner in which the crests of the seiche movements coincide 
In consequence of this diagonal currents may be set up along the 
shore, which change frequently in force and direction, and which 
apparently bear but little relation to the direction of the wind 
blowing at the time. This is of particular importance in explaining 
the nature of the currents that occur after the wind which pro- 
duced the seiche has ceased. 

Vertical Currents 

The water of the Great Lakes show, in general, the same fluctua- 
tions in the temperature of the water at the surface and at depths 
below the surface, as have been so frequently observed in smaller 
lakes and reservoirs. That is, during the summer the siuface water 
is warmed by the sun, while the water at the depths is cold and 
quiescent. The wind stirs up the water of the lake and keeps it 
thoroughly mixed for a number of feet down from the siuface. In 
small bodies of water the depth to which this wind action extends 
is seldom more than twenty or thirty feet, but in the large, d ^p 
lakes it is more. Observations made in Lake Erie at Cleveland, 
in 1904, showed that the lake water was stirred by the summer 
winds to a depth of about fifty feet, while observations made in 
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Lake Michigan in 1910 showed that the water was stirred to a depth 
of about sixty feet. Below the stratum within which circulation 
takes place, the temperature of the water changes rapidly and the 
region where this change occurs is known as the thermocline. Be- 
low the thermocline the bottom water in the middle of the lakes 
probably remains relatively quiescent for long periods, but for sev- 
eral miles out from the shore the lower strata move in and out and 
are seldom at rest. 

The temperature of the water at the bottom of the Great Lakes 
during the period of simmier stagnation is practically that of maxi- 
mum density, i. e., 39.2^ F. The author once measured the tem- 
perature at the bottom of Lake Champlain (396 feet) in June and 
found it to be 39.3°. Comparatively few observations of the tem- 
perature of the water at the bottom of the Great Lakes have been 
made, but they substantiate this statement. Recently observa- 
tions in Lake Ontario near Rochester have shown that water of 
maximmn density came within a mile and a half of the shore at a 
depth of forty feet. 

Dimng the winter the surface water is colder than the bottom 
water. The latter maintains its temperature at about maximum 
density throughout the year. 

During the spring, as well as during the fall, there is a period 
when the water has an opportunity to circulate from top to bottom. 
In very large lakes this period is short, and whether circulation 
actually extends to the bottom is not known. 

Besides the vertical circulation produced by the natural heating 
and cooling of the surface water and the action of the wind 
vertical circulation may also take place near the shore, due to the 
inflow of river water or sewage of a different temperature from the 
water of the lake. This sometimes has an important effect upon 
the manner in which these inflowing streams mix with the lake 
water. 

Thermal stratification of the water in small lakes has an im- 
portant effect upon the depth of the return ciurents above referred 
to, causing the back flow to take place above the layer of stagnant 
water. But in the Great Lakes the thermocline marks the dividing 
J^ne between the upper and lower currents moving in opposite direc- 
tions. It is an unstable thermocline and does not necessarily imply 
stagnation. 
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Local Wind Currents. 

From the standpoint of the pollution of water supplies, the most 
important currents that take place in the lakes are the local cur- 
rents produced by the movement of the wind from day to day. As 
the wind blows over the lake surface currents of the water are in- 
duced by it, and as the wind changes, these currents also change. 
Observations that have been made in Lake Erie, notably by Walter 
P. Rice, at Cleveland, in 1890, and by the Cleveland Water Depart- 
ment, in 1895, indicate that there is a fairly close relation between 
the wind movement and the movement of the surface water; the 
travel of the surface water being commonly from 4 to 6% of the 
wind movement and averaging about 5%. The movement of the 
water is less at depths below the surface, decreasing with the depth 
and presumably becoming zero at the neutral line, which recent 
studies in Lake Ontario have shown to be at mid-depth near the 
shore. Observations made in Owasco Lake, near Auburn, N. Y., 
in 1911, by Mr. J. Walter Ackerman and the author, showed that 
the percentage which the travel of the surface water was of the wind 
movement varied with the velocity of the wind, being 3.2% when 
the wind velocity was five miles per hour, but only 1 .2% when the 
velocity was thirty miles per hour. These observations were, how- 
ever, made in a lake of relatively small size. 

The velocities induced by the wind are greater on the lee shore 
than on the weather shore. 

In order to illustrate the effect of these local currents induced 
by the wind, let it be assumed that the wind has been blowing off 
shore for ten hours at the rate of twenty miles per hour in such a 
direction as to cause the water to flow from the sewer outfall towards 
the water supply intake, and let it be assumed further that the 
velocity of the surface water during this period was 3% of the wind 
movement. The surface water would, therefore, be carried six 
miles from the shore during the ten-hour period, a distance more 
than sufficient to carry it to the longest intake now in use. 

In addition to the velocity of the surface water induced by the 
wind, it is important to know also the angle of dispersion. An 
attempt was made to measure this at Cleveland, in 1905. A group 
of floats was set adrift in Lake Erie, at a time when the wind was 
blowing at the rate of thirteen miles per hour, and the position of 
each float observed for several hours. In one experiment after the 
floats had traveled 2,500 feet, which was 4.7% of the wind move- 
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ment, they had spread through an angle of about 5*^. In other 
experiments with higher wind velocities, the angle of dispersion was 
slightly less. At the present time no data exist showing the rela- 
tion between wind velocity and the angle of dispersion. It varies 
widely according to the veering of the wind and may be as high as 
30° or 60° more. After several days of variable winds the fan of 
polluted water may spread over a semi-circle. 

Undertow Currents. 

When the wind blows strongly towards a lee shore the raised 
water level that results causes an outward current of the water 
beneath the surface. This phenomenon has long been familiar to 
fishermen and bathers. It has not been fully realized, however, 
that the undertow currents sometimes extend for several miles into 
the lake and well beyond the ordinary water supply intakes. As a 
result shore water is carried outward and sewage contaminated 
water periodically enters the intake, and is pumped into the city 
mains. The best evidence of these undertow currents is obtained 
by a study of the temperature of the water at different depths, at 
different distances from the shore and of the temperature of the 
water drawn from the intakes. 

Daily observations of the temperature of the water at Milwaukee 
and elsewhere during the summer have shown very great changes 
in the course of a few days. Thus at Milwaukee, the temperature 
of the water at the pumping was 68° on July 20, 1910; on July 23, 
it was 62°; and on July 27th, 52°. At Rochester, even more sudden 
changes have been noticed. For example, on August 8, 1912, the 
temperature of the water at the bottom of the lake at a point 6,000 
feet from the shore, where the depth was forty feet, the temperature 
fell from 59° to 42° in eight hours, the surface temperature mean- 
while remaining about 64°. Two days previous, at the same dis- 
tance from the shore, the temperature of the water had been 63° 
at all depths. The drop in temperature followed a sudden change 
in the direction of the wind from on-shore to off-shore. 

The data now at hand indicate that the dividing line between 
the incoming and outgoing water lies at about mid depth. 

When the warm surface water is blown away from the shore and 
cold water flows landward near the bottom, not all of the bottom 
water flows in as far as the shore line. Some of it becomes mixed 
with the upper strata and returns to the lake before it reaches the 
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shore line. The extent to which this oflf-shore mixing takes place 
has not yet been determined by adequate studies. 

The undertow currents are of great unportance in connection with 
the dispersion of sewage. During the sunmier season the tempera- 
ture of the sewage will be ordinarily not far from that of the surface 
water of the lakes. If the sewage is discharged at the bottom of 
a lake at a considerable distance from the shore, it is obvious that 
when the cold, deep water is flowing shoreward, the sewage will be 
warmer and lighter than the water into which it is discharged. The 
sewage will, therefore, tend to rise into the upper strata and be car- 
ried away from the shore by the outward surface current. When 
the warm shore water is going out at the bottom the sewage will 
enter water of approximately its own temperature and will have 
less tendency to rise and will be carried away from the shore by the 
outward bottom current. Thus during the summer the move- 
ments of the wind, whether towards or away from the shore, tend 
at most times to carry the sewage away from the shore rather than 
towards it. 

Effect of Breakwaters. 

When sewage is discharged back of a breakwater or a natural 
bar off the shore, the water back of it is protected from the under- 
tow currents. An on-shore wind causes the sewage to be held back 
of the breakwater, while the lake water blown towards the shore 
turns at the obstruction and flows downward and outward. On 
the cessation of the wind, or its change to the opposite direction, 
the over-polluted water back of the breakwater flows out as a sur- 
face current and thus gives use to streaks of polluted water that 
may extend far into the lake. 

A somewhat similar phenomenon is when streams discharge into 
a lake through wide channels of low slope. In these there is a 
similar checking of the current followed by a subsequent increased 
discharge. 

Lake Pollution. 

The principal sources of pollution of the lake water supplies are, 
first, sewage discharged directly into the lake along the water front. 
Second, sewage discharged into streams that flow into the lake. 
Third, sewage polluted mud dredged from rivers and harbors and 
dumped into the lake. Fourth, sewage sludge transported by ice 
from the shore outward. Fifth, fecal matter discharged into the 
lake from boats. 
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The danger of pollution of the water supply in any case depends 
upon the opportunities afforded for the commingling of the sewage 
with the water before it reaches the intake, and upon the natural 
purification that takes place in the lake. 

Dispersion op Sewage in Lake Waters. 

When sewage is discharged into a lake it mingles with the water 
and gradually becomes dispersed through it, the nature and extent 
of the dispersion being dependent upon the local currents induced 
by the wind. It is impossible to calculate exactly the dilution of 
the sewage at different distances from the sources of pollution, for 
there are too many unknown factors, but computations based on 
arbitrary assumptions are sometimes found useful in showing ap- 
proximately the dilution that may be expected under different 
conditions. 

For example, suppose that sewage is being discharged at a point 
off shore and is dispersed through a sector that has an angle 6; and 
suppose, for purposes of calculation, that the sewage mixes through 
the entire depth and that this depth is constant. Let Q stand for 
the quantity of sewage discharged in time t, let r = the distance 
traveled by the water, under the influence of the wind in the same 
time, i. e. let r be the radius of the sector; and let d be the depth. 
If D represents the dilution, then 

IT r» d. 6 



After time t Dt = 



After time 2 t D = 



Q 360 

3ir r^d J_ 
Q 360 



After time nt 



(2n-l)^r-d ± 
Q 360 



To apply this to a practical case, suppose that sewage is being 
discharged at the rate of 25 million gallons per day; that the depth 
of water is fifty feet; that the wind movement is 100 miles per day 
and the water travel 5% of this, or five miles per day; that the 
angle of dispersion is 5**; and that t is one minute. Then Q == 
2320 cubic feet per minute and r = 18.3 feet per minute. 

jy^^ (2m-l)x3.1416xl8.3'x50 ^ _ 

2320 360 ""^^^ ^^'■^ 

Suppose that the sewage contains 1,000,000 bacteria per cc. and the 
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water none. Then for different distances from the point of dis- 
charge the water would contain the following numbers of bacteria 
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For different angles of dispersion the following numbers of bac- 
teria would be found at different distances from the point of dis- 
charge: 
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Natural Agencies of Purification in Lake Waters. 

In addition to the very great and rapid dispersion of sewage in 
the water of the Great Lakes, various other agencies tend to bring 
about its natural purification. 

Sedimentation is a potent factor. Compared with streams the 
velocities of the water in the lakes are low, so that, except near the 
shore, the suspended matter settles to the bottom, leaving the upper 
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broad waters of the lake very clear. Sedimentation must always 
be considered, however, with reference to subsequent disturbances 
of the settled solids by currents. During long periods of quiescence, 
pathogenic bacteria are liable to natural death in an unfavorable 
environment. 

According to the best available information, the germs of typhoid 
fever do not multiply in the waters of the lake, but rather disappear 
at rates that vary according to diflFerent conditions. Using ap- 
proximate figures for the sake of illustration it may be said that 
after ^ week ninety per cent, of any typhoid fever germs that may 
enter one of the lakes will have died, and after a month, ninety- 
nine per cent. How long the most resistant germs can survive is 
quite imknown. A small number, sometimes termed the "resistant 
minority," doubtless remain aUve for several months. They are 
able to hve longer in cold water than in warm water, a fact that 
Houston has recently demonstrated by some interesting experi- 
ments. 

Sunlight exerts a powerful germicidal action on the bacteria in 
the layers of water near the surface, but even in the waters of a 
clear lake the sun's rays rapidly lose their energy below the surface 
so that disinfection by sunlight is not a factor at depths greater 
than a few feet. 

Very important, however, is the action of the microscopic organ- 
isms found in the waters of all the lakes and that comprise the 
"plankton." The biological cycle is wondrously complete. Par- 
ticles of sewage solids are decomposed by bacteria; bacteria are 
consiuned by the protozoa; protozoa are consumed by rotifers and 
Crustacea and the latter are eaten by fish. Also the products of 
bacterial action on the dispersed sewage, such as nitrates and car- 
bonic acid, furnish food for the algae, such as floating diatoms and 
various chlorophyceae, and these in turn furnish food for the Crus- 
tacea and larger organisms. 

The oxygen resources in the Great Lakes are so enormous that 
except very near to the sources of pollution the lake water is sat- 
urated with dissolved oxygen. The complete destruction of the 
organic matter of the sewage by oxidation is, therefore, the ultimate 
fate of all sewage matters that enter the lakes. 

Observed Contamination of Lake Water by Sewage. 
Systematic analyses of the lake water in the vicinity of 
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Milwaukee, Chicago, Cleveland, Toronto and Rochester have 
given results not inconsistent with computation similar to the pre- 
ceding. In general, they have shown that the dilution of sewage 
discharged into the lakes is ordinarily very great. It is, however, 
very variable and under certain conditions that occur several times 
each year, the sewage is projected through the lake water for several 
miles with relatively little dilution. When the path of this sewage 
stream lies in a direction from the sewer outfall to the water works 
intake, contamination of the water supply may and does occur. 

The analyses that have proved most serviceable in the jstudy 
of this problem are the following: (1) Number bacteria per cc. 
(2) Test for B. coli. (3) Turbidity. (4) Odor. (5) Chlorine. 

The relative sensitiveness of these determinations varies accord- 
ing to the nature of the sewage. Ordinarily, the bacterial tests are 
the most sensitive, but not infrequently the simple odor test is 
equally satisfactory. 

As an illustration of the observed contamination of lake water 
by sewage, mention may be here made of the studies conducted by 
the Milwaukee Sewerage Commission during the summer of 1910. 

The sewage of Milwaukee, which then amounted to about 60 
million gallons per day, is practically all discharged into the lake 
at the mouth of the Milwaukee River. Thence it spreads outward 
through the lake water and covers a fan-shaped area, becoming 
diluted as it leaves the shore. The water at the mouth of thfe 
river was found to contain very large numbers of bacteria, the av- 
erage being 1,268,000 per cc, the minimum 525,000, and the maxi- 
mum 2,600,000 per cc. The following figures show, the observed 
nifflibers of bacteria at different distances from the shore along a 
line extendmg outward into the lake from the river mouth. 

Average Number of Bacteria in Lake Michigan Water at 

Different Distances from the Shore Opposite the 

Mouth of the Milwaukee River 

Location. Bacteria Per c,c. 

Mouth of River 1,268,000 

1 Mile East of River Mouth 207,000 

2 Miles " " " " 2,000 

3 " " " *' '' 970 

4 " '' " " 225 

5 " " " '• " 45 
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The water supply intake is about 3.5 miles in a straight Une 
northeast of the river mouth. Here the average number of bac- 
teria was 1,182 per cc. at the surface and 693 per cc. at the bottom, 
the largest numbers being 3,720 at the surface and 1,600 at the 
bottom, and the smallest numbers being twenty at the surface and 
fifty at the bottom. Generally speaking, the bacteria were higher 
at the surface than at the bottom, but sometimes the opposite was 
the case. 

The observations of the Commission covered samples of water 
collected at intervals of one mile along a series of lines one mile 
apart from the shore outwards for three or four miles. Several 
series of samples were collected with the wind blowing in different 
directions. The results showed what would be naturally expected 
that the greatest amoimt of pollution could be traced in the direc- 
tion towards which the wind was blowing. At times the axis of 
greatest pollution extended in a northeasterly direction towards 
and beyond the intake. At other times the coimse of the sewage 
was southerly. 

Tests for B. coli were made on all of the samples of water col- 
lected, and estimates made of the average munber present at each 
station. Thus at the mouth of the river the estimated average 
munber of B. coli was 847 per cc. The numbers decreased outward 
from the shore, until at a point five miles from the shore the water 
contained less than one B. coli per cc. At the intake of the water 
works, the number was 2.1 per cc. at the surface and 0.4 per cc.at 
the bottom. 

A study of the B. coli tests showed in a striking way the effect 
of the on-shore winds in causing the polluted water to pass out 
into the lake at the bottom and the effect of the off-shore winds in 
causing it to spread out over the surface. Thus, taking all of the 
samples collected at points more than a mile away from the shore, 
it was found that when the wind was blowing towards the shore 
the bottom water contained four times as many B. coli as the sur- 
face water, but that when the wind was blowing off shore the sur- 
face water contained eight times as many B. coli as the bottom 
water. 

The* effect of the sewage of the city on the bacterial character of 
the water at the intake and the variations from day to day are 
shown by the following daily analyses: 
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Daily Analysis of Water at the North Point Pumping Station 

















Bac- 
teria 
Percc 


Test i 


"■OR 


Date 
1910 


Hour 
P. M. 


Temperature 
Fahr. 


Turbiditt 


Color 


Odor> 


Chlor- 
ine 


B. CoLi. 

0.1 1.0 167 


















OC CO CO 


Sep. 21 


4:50 


57.8 


2 


2 


Iv 


4.0 


2000 


!-f + 


22 3:55 


58.0 


2 


3 


Iv 


4.2 


1500 


+ 


+ 


23 1 4. -05 


58.3 


6 


9 


2v 


4.0 


1270 


+ 


+ 


+ 


24 4:10 


58.1 


14 


4 


Iv 


4.6 


1310 


+ 


+ 


+ 


25 5:00 


57.9 


6 


2 


Iv 


4.2 


1270 


+ 


+ 


+ 


26 


4:45 


68.0 


12 


7 


3d 


4.2 


1940 


+ 


+ 


+ 


27 


3:65 


57.9 


4 


2 


2m 


4.0 


2066 


+ 


+ 


-h 


28 


2:50 


57.8 


7 


4 


2v 


4.0 


1820 


■f- 


+ 


-h 


29 


4:25 


67.8 


4 


3 


Iv 


4.0 


1760 


+ 


+ 


-h 


30i 4:10 


57.0 


• • 


« • 


« • 


• ■ a 


1100 


-h 


Oct. 1 
2 
3 


4:20 


57.1 


6 


4 


Iv 


4.2 


3000 -1- 


+ 


•f 


• • • 

4:00 


• • • • 

53.2 


• • 

6 


• • 

2 


• • 

Iv 


• • • 

4.0 


• • • • 

2300 


+ 


• • • 




4 


3:30 


62.6 


6 


3 


Iv 


4.8 


940 


+ 


+ 


+ 


5 


1:58 


47.0 


4 


4 


Iv 


4.2 


1250 


■\- 


+ 


+ 


6 


3:50 


56.5 


10 


4 


2m 


... 


3600 


+ 


+ 


7 


4:40 


56.0 


7 


2 


2v 


4.0 


826 


+ 


-h 


8 


4:00 


63.7 


6 


2 


Iv 


4.2 


1315 


+ 


+ 


10 


4:30 


55.3 


6 


2 


Iv 


4.2 


1250 + + 


+ 


11 


2:10 


46.4 


6 


2 


iv 


4.0 


600 


+ 


+ 


12 


3:40 


63.4 


20 


4 


Iv 


4.0 


1 

900 + 


+ 


13 


11:35* 


54.3 


15 


4 


Iv 


4.0 


1 ' 
870 + 


+ 


14 


3:00 


53.6 


10 


3 


Iv 


4.0 


345 


+ 


+ 


15 


5:20 


54.8 


4 


2 


Iv 


4.5 


330 


+ !-h 


17 


2:40 


54.9 


5 


5 


Iv 


4.0 


5900 + 1+ 


-f- 


18 


4:45 


54.7 


3 


3 


2v 


4.2 


800 + 


+ 


19 12:05 


54.1 


6 


3 


Iv 


4.2 


1200 1+ 


+ 


20 4:20 


54.5 


15 


4 


2m 


4.0 


1215 ,+ + 


21, 3:55 


54.0 


10 


3 


2v 


4.0 


680 








+ 


22 


3:45 


53.3 


20 


5 


2v 


4.0 


1950 iO 


+ 


+ 


24 2:25 


53.0 


8 


3 


iv 


4.0 


2750 


+ 


+ 


+ 


251 3:35 


53.3 


12 


2 


im 


4.5 


1025 





+ 


+ 



» Iv — very faint vegetable; 2v — faint vegetable; 2m — faint moldy; 3d — distinct, dis- 
agreeable. 

Contaminated Lake Water Supplies and the Public Health, 

Stronger proof than that furnished by analysis is the effect of 
the use of contaminated water on the public health measui:ed by 
vital statistics. A very complete study of the death-rates from 
typhoid fever and other diarrhoeal diseases in the cities that take 
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their water supplier from the Great Lakes has been recently pub- 
lished by Dr. Allan J.- McLaughlin, in the form of two bulletins 
(Nos. 77 and 83 of the Hygienic Laboratory of the Public Health 
and Marine Hospital Service of the United States) entitled "Sewage 
Pollution of Interstate and International Waters with Special 
Reference to the Spread of Typhoid Fever." These reports de- 
scribe the water supply and sewerage conditions in each of the lake 
cities and give tables of vital statistics compiled from local sources 
and from data gathered by the United States Census Bureau. The 
statistics are illustrated by many diagrams. 

The case made out against the lake cities that do not filter their 
water supplies is a strong one. The typhoid fever death rates are 
shown to be very high as compared with European cities and with 
the cities of the United States that have safe water suppUes. As 
an illustration of these high rates, the following table, compiled 
from the United States Census reports, is here presented: 
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Dr. McLaughlin points out that in the lake cities that use un- 
filtered water the typhoid fever death rate is exceptionally high 
during the winter season, thus affording additional evidence that 
this disease is more often transmitted by cold water than by warm 
water. He also shows that intestinal diseases classed as diarrhoea 
and enteritis, and infantile diseases are exceptionally prevalent in 
the lake cities that use unfiltered water and they too are liable to 
occur in the winter under the name ** winter cholera." 

In view of the completeness and accessibility of his reports, it is 
unnecessary to discuss this subject in detail. 

Water Supply Intakes. 

The lakes are the natural sources of water supply of the cities 
and towns near them, and in some instances they are the only pos- 
sible sources. The land around the lakes is generally flat and no 
upland gravity supplies are obtainable. A few places, like Toledo, 
are supplied with water pumped from streams entering the lakes, 
but in most instances water of better quality and of imlimited 
volume is found in the lakes themselves. The fact that the supply 
is unlimited, or rather is limited only by the capacity of the pumps 
installed, seems to have encouraged a lavish use and waste of water, 
for we find that the per capita consumption of water in the lake 
cities has been high. The fact that the water is relatively cool in 
siunmer has, in some cases, developed a unique use of the water 
supply for cooling purposes. In recent years a number of unsuc- 
cessful attempts have been made to cut down the consumption. 

The broad waters of the lake cannot be used for water supplies 
as it is not practicable to extend intake pipes or tunnels to points 
where the depth of water much exceeds 75 feet. The longest in- 
take in use is that at Cleveland, which is 26,000 feet long and the 
end of which is about four miles from the shore. The Chicago 
intakes are from two to four miles long. The intakes at Milwaukee, 
Gary and Oswego are about a mile and a half long. There are 
several intakes about a mile long, namely, those at Bay City, Ash- 
land, Kanawha, Sheboygan, Evanstown, Racine and Erie. Many 
of the intakes are shorter than this extending from 1,000 to 3,000 
feet from the shore, and in some cases they are less than 1,000 feet. 

Comparatively few intakes are located in water more than 50 
feet deep. One of the deepest is that at Duluth, where the water 
is 75 feet deep and the openings in the crib 60 feet below the sur- 
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face of the water. The Toronto intake extends into water 68 feet 
deep, and it is proposed to extend it to water 100 feet deep. Os- 
wego is constructing an intake in 83 feet of water. The Milwaukee 
intake is in 60 feet of water and the Chicago intakes are in from 
27 to 40 feet of water. 

The attempt seems to have been made in every case to extend 
the intake far enough to obtain relatively clear water and avoid 
pollution of the intake from local sewers. How inadequately the 
latter has been accomplished is shown by the typhoid fever sta- 
tistics elsewhere quoted. Other considerations have been to have 
the intake in water deep enough to avoid a packing of the ice around 
the crib in the winter and to avoid the silting and clogging of the in- 
take and pipe through movements of the sand. It has ordinarily 
been found desirable to have a depth of 20 or 30 feet. 

The intakes at Cleveland and Chicago terminate in masonry cribs 
that extend above the water and are surmounted by light-houses. 
These cribs have entry ports at different depths. More often the 
intake pipes terminate in a submerged crib, or the pipe is merely 
turned up and supported by loose rock. Cast iron pipe has been 
largely used in the past, but steel is gradually taking its place. 
Tunnels are used at Chicago, Cleveland and elsewhere. 

Many breaks have occurred in the lake intakes and a recital of 
the accidents would be interesting. In several notable instances, 
as at Toronto, these accidents have permitted polluted shore water 
to enter the pipes and outbreaks of disease have followed. 

Methods of Protecting Lake Water Supplies. 

The evidence is conclusive that natural methods of purification 
cannot be depended upon to protect the sanitary quaUty of the 
water supplies taken from the Great Lakes. Practically every 
city, whether great or small, that has depended solely upon the pro- 
tection afforded by dilution and a supposedly remote location of 
the intake from the sewers has suffered from water borne diseases. 
As a rule, the smaller cities have suffered more than the large cities 
as their water supply intakes and sewer outfalls are nearer together. 
The visitations of tjqphoid fever have often been intermittent, and 
their failure to occur at regular seasons engenders a false sense of 
security; but sooner or later, when the necessary combination of 
currents and infection occurs, every lake city that fails to protect 
its water supply is bound to suffer from water-borne diseases. 
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Various expedients have been used at different times and at dif- 
ferent places. At Chicago, after it became certain that its water 
supplies were subject to sewage pollution in different degrees ac- 
cording to the weather conditions the Health Department of the 
city inaugurated the policy of making daily analyses and issuing 
notices of the condition of the water in the daily papers, warning 
the people to boil the water or to cease using it for drinking in case 
the analysis was bad. This was many years ago. The practice 
may have had some beneficial effect, but it was placing dependence 
upon a frail reed. It had the inherent disadvantage that the qual- 
ity of the water changed more rapidly than the' analyses could be 
made and published. 

A second method of protection would be to abandon the lake 
water altogether and substitute some other source of supply. This 
has been considered in some cities, as for example, at Toronto, 
where a gravity supply has been considered and rejected.* Most 
of the lake cities are so situated that another source of supply is 
impracticable, or, in any event, costly, so this course has not been 
adopted and is not likely to be. 

A third method is to extend the intake further into the lake. 
This has been done repeatedly. As the cities have grown the local 
pollution has become heavier and larger intakes have been required 
on account of greater water consumption. The effect of using 
longer intakes farther removed from sources of pollution has in- 
variably improved the condition of the water, sometimes very 
noticeably. After a time, the water at the new intakes becomes 
contaminated so that the remedy is merely of temporary benefit. 
Then too, there is a limit to which this can be carried as the water 
off shore becomes too deep for economical pipe laying. 

A fourth method would be to keep the sewage out of the lake. 
This is practically impossible, as the natural drainage of the lake 
cities is towards the shore. Ordinarily, no attempt has been made 
to keep the sewage out. 

Chicago presents the only important instance where it has been 
accomplished and here it has not been accomplished in full. Sit- 
uated at the south end of Lake Michigan and with only a low divide 
between it and the streams that flow westerly into the Mississippi 
River basin, and with this divide near at hand, it was possible to 
cut a canal through the divide, and turn the flow of the principal 
sewers into it, so that the sewage would flow westerly. This pro- 
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ject, known as the Chicago Drainage Canal, cost upwards of forty 
million dollars and entails a considerable annual charge for main- 
tenance. A city of small size could not have financed so great an 
undertaking. The canal is so arranged that the Chicago River 
and its branches now discharge into it instead of into Lake Mich- 
igan; the lake water flows in at the old river mouth and dilutes the 
sewage, also turned from the lake into the river. The canal ex- 
tends to Lockport, where the diluted sewage is discharged into the 
Des Plaines River, which flows into the Illinois River, this in turn 
flowing into the Mississippi River. The use of this canal lead to 
a notable suit in the United States Supreme Court, brought by the 
State of Missouri, acting in the interest of St. Louis, against the 
State of Illinois and the Chicago Drainage Canal District, which 
was settled in favor of Chicago. 

This canal receives most, but not all, of the sewage of the city. 
In the southern part of the city there are large sewers that still dis- 
charge into the lake and pollute its waters. Projects are now in 
contemplation that will divert much of this sewage westward into 
the canal. It is recognized, however, that this method of diversion 
and dilution has a limit and that this limit will be exceeded before 
many years, so that projects are also being considered for the treat- 
ment of the sewage before it is discharged into the canal. 

The Chicago Drainage Canal has very materially reduced the 
amount of typhoid fever in the city. It has not entirely prevented 
all pollution of the water supply. The large storm flows of the 
sewers still go into the lake and at certain times this may affect 
the water supplies from the various cribs. Furthermore, the ac- 
cidental contamination of the lake water from so large a city with 
its shipping, its dredging operations, its industries located along the 
shore, is by no means a negligible factor. To protect the lake 
water against all these is a difficult task, exc^t by filtration. 

Protection by Sewage Treatment. 
• 

The next method of protection to be considered is the purifica- 
tion of the sewage before it is discharged into the lake. This has 
long received the attention of engineers and so much has been said 
about it in popular writings that the public has come to have faith 
in it. It is a plausible idea, and theoretically sound, but it has one 
fatal defect. To accomplish the purification of all of the sewage 
at all times demands works of excessive cost, while to partially 
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purify the sewage, or to fail to purify it at times of storm does not 
give the desired protection to the water supply. Nearly all large 
cities are sewered on the combined system, that is, the same pipes 
and conduits carry both house sewage and storm water. Purifica- 
tion works large enough for the treatment of all the storm water, 
as well as the house sewage, are almost never constructed, but over- 
flows are provided to take the excess sewage at times of heavy rain. 
This storm overflow is merely the house sewage diluted and from 
a sanitary standpoint is dangerous. The storms that produce the 
overflow are likely to be accompanied by strong winds that create 
rapid and direct currents of the water in the lake, so that the method 
of protection by sewage treatment fails at those times when it is 
most needed. 

The term "sewage purification" has been frequently used to 
cover methods of sewage treatment that only partially purify and 
that do not yield satisfactory effluents, considered from a sanitary 
standpoint. For example, it has been applied to screening, to 
sedimentation, to septic tanks, to chemical precipitation, to the 
use of contact beds, etc., processes which are often of great merit 
in their proper field, but which do not by any means convert sewage 
into drinking water, or into a liquid that can be safely mixed with 
drinking water. The misuse of the term *' sewage purification" 
has thus led laymen to the belief that a lake water could be pro- 
tected simply by *'purif3dng" the sewage. The more recent use of 
the term "sewage treatment" instead of "sewage purification" 
should help to disabuse the mind of the public in this regard. 

Treatment of the sewage of lake cities is often desirable in order 
to prevent objectionable conditions in the lake water near the point 
of discharge, and some form of treatment is likely to be adopted 
by nearly all of them. The nature of the treatment required will 
be usually governed by conditions other than the protection of the 
water supply. These treatments will, at the same time, somewhat 
reduce the danger of the pollution of the water supplies and will 
serve as an additional factor of safety. The point here emphasized 
is that in themselves, they are not sufficient to protect the water 
supplies. 

The disinfection of the sewage by the use of chloride of lime has 
been suggested and if this could be carried out thoroughly the 
safety of the sewage effluent would be materially enhanced. The 
cost of disinfecting sewage, however, would be much greater than 
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the cost of disinfecting the water supply, so that, if disinfection 
were to be depended upon, the latter would naturally be preferred. 
The diflSculty of disinfecting the overflow sewage at times of storm 
is another very great 'objection to this method. Used in connec- 
tion with other forms of sewage treatment disinfection would fur- 
ther increase the factor of safety, but it ought not to be depended 
upon alone to protect the lake water supplies. 

Disinfection of Lake Water. 

If nature's methods of purification cannot be depended upon, if 
in the present state of the art an adequate purification of all the 
sewage is impossible of attainment, and if a partial treatment of 
the sewage does not suflSce, the only course left is to purify the 
water supply itself. Fortunately this can be done satisfactorily 
and at reasonable cost. There are two methods of purification 
available for lake waters at the present time — disinfection and filtra- 
tion. 

The disinfection of the lake water supplies has been extensively 
practiced during the last few years. Among the larger cities where 
it has been used may be mentioned Toronto, Milwaukee, Cleveland, 
Erie and Niagara Falls. Chloride of lime, or bleaching, has been 
chiefly used, but at Cleveland liquid chlorine was tried with success. 

The fact that the lake waters contain relatively small amounts 
of organic matter as compared with other surface waters enables 
disinfection to be accomplished by the use of small quantities of 
chemicals. For the same reason, the use of an excess of chemicals 
is readily noticed by the consumers on account of the disagreeable 
odor of chloride of lime that persists until the water reaches the 
service taps. Great caution is, therefore, required in the use of 
this method. If too little bleaching powder solution is added the 
disinfection will not be effective, while if too much is added the 
water will have a bad odor. The quantities of bleaching powder 
used have varied from six to eighteen pounds per million gallons. 
(10 pounds of calcium hypochlorite, containing 35% of available 
chlorine, per million gallons of water is equivalent to 0.42 parts 
per million of available chlorine.) Generally, the smallest quantity 
found necessary to give effective sterilization of the water has been 
six to eight pounds per million gallons. Quantities larger than 
about ten pounds commonly leave undecomposed hjrpochlorites in 
the water that may be detected by the consumers. 
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It is of the greatest importance to secure a prompt and intimate 
mixture of the bleaching powder solution with the water. This is 
not as easily accomplished as many think and requires a degree of 
skill in operation not easily obtained in practice. Failure to prop- 
erly apply the chemical may easily escape knowledge of the author- 
ities and such failure may be calamitous in its results. 

That eflfective sterilization of the water can be obtained by this 
method is admitted by sanitarians; that it actually is obtained w»th 
practice is more doubtful. As an illustration of its results in a scien- 
tifically controlled plant the experience of Erie may be cited. 

After the severe epidemic of typhoid fever that occurred in Erie 
during the first four months of 1911, a disinfecting plant was in- 
stalled. During the first few weeks of operation, namely, from 
March 15 to April 25, the mmibers of bacteria in the treated water 
did not exceed 50 per cc. and averaged only 7 per cc. During this 
period, from seven to ten pounds of bleaching powder per million 
gallons of water were used. Later, this was reduced to six to eight 
pounds. The average niunbers of bacteria per cc. in the raw and 
treated waters during subsequent months were as follows: No. B. 
coli were foimd in the treated water. 
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That the use of bleaching powder as a water disinfectant has re- 
duced the typhoid fever death-rates in many places is probable, 
but its use has not been continued long enough to enable this to be 
measured with great certainty. That it does not completely pro- 
tect against water-borne diseases is also probable. Thus, at To- 
ronto, the water supply was disinfected before the recently con- 
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structed filter was put into use. During this period, it is said that 
the typhoid fever death-rate fell considerably below what it had 
been when untreated water was supplied, but after the filter was 
put into operation there was a further reduction of the death-rate, 
showing that disinfection alone had not furnished complete pro- 
tection. 

The method of disinfection of lake supplies ought to be looked 
upon not as a means of permanent protection of the quality of the 
water, but rather as a temporary or emergency measure. The 
uncertainties of operation are too great, the chances that not all 
bacteria are killed are too large to make this method one to be de- 
pended upon solely and permanently. And it is doubtful if the 
consumers will be long satisfied with water that may at any moment 
run from the service taps with an odor of chloride of lime. In the 
case of supplies that are only slightly contaminated it may be used 
to reduce still further the chance of infection, and thus, perhaps, 
postpone the time when filters are required, but such instances are 
few. 

Filtration of Lake Water. 

The best method of protecting the lake water supplies is to filter 
the water. This is more efficient than disinfection of the water 
and is very much cheaper than purification of the sewage. 

Disinfection of the water does not remove any turbidity that 
may be present; filtration does. Disinfection does not remove any 
odor that may be present, due to algae; filtration, with aeration, 
does this, and while it is not often a matter of great moment, at 
times it may be of decided benefit. Therefore, although filtration 
costs more than disinfection, it gives more effective service and is 
more dependable. 

Two methods of filtration are in use in the lake cities, sand filtra- 
tion and mechanical filtration. These are now so well known that 
they do not need to be described. Suffice it to say that sand filters 
are operated at relatively low rates, say from two to six million 
gallons per day, and that mechanical filters employ a rate of about 
125 million gallons per day. Sulphate of alumina, or some other 
coagulant, is employed with mechanical filters. 

The choice of the two systems should be determined for each case 
according to the character of the water to be filtered, the avail- 
ability of filter sites at proper elevation, and other local conditions. 
Generally speaking, sand filters are especially applicable to relatively 
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clear waters and mechanical filters to waters that are turbid for a 
considerable portion of the time. In general practice has followed 
this classification. Mechanical filters have been used by a number 
of the cities on the south shore of Lake Erie, as for example, Lorain, 
Elyria, Vermillion, Sandusky, Conneaut and Ashtabula. Here the 
intakes are rather near the shore and the water is somewhat turbid. 
A mechanical filter is now being designed for Evanston for the same 
reason, namely, that the shore water is turbid. At Toronto, on 
the other hand, where the turbidity is seldom high, a sand filter 
has been recently constructed and is now in operation. In a few 
instances, mechanical filters have been installed to purify relatively 
clear lake waters, namely, at Niagara Falls, on the Niagara River, 
and at Burlington, Vt., on Lake Champlain. Such filters are at a 
disadvantage from the standpoint of operation in that the attendant 
cannot as readily tell how the filter is working, for the reason that 
there is little difference in the appearance of the water before and 
after filtration. In the case of turbid or colored water, this dif- 
ference is conspicuous, and failure to obtain perfect clarification is 
an indication of poor efficiency. Mechanical filters with clear 
waters have not been operated long enough to enable^ one to fairly 
judge of their success. It has been found that the quantity of 
alum necessary to be used with a mechanical filter operating on a 
clear water cannot be reduced much below % grain per gallon with- 
out impairing the bacterial efficiency. 

With clear lake waters the rate of sand filtration may be higher 
than in the case of other surface waters. The Toronto filter, for 
example, was designed for a rate of 6,000,000 gallons per acre per 
day, and when operated at this rate satisfactory bacterial efficiencies 
have been obtained. 

■ 

Although sand filters cost somewhat more to construct than me- 
chanical filters, this difference is not great and their cost of opera- 
tion is less, so that when interest charges, operation and deprecia- 
tion are all taken into account, the cost of the sand filtration may 
be less than that of mechanical filtration, while on the whole, the 
results are more dependable as less skill is required in operation. 
Good results, however, can be obtained by either method. Both 
mechanical filters and sand filters need to be faithfully operated and 
enlarged when necessary, in order that their capacity may not be 
overtaxed. Failure to do so may involve serious trouble. For 
example, the sand filter at Ashland, Wis. is said to have been over- 
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taxed to such an extent that filtration became imperfect and typhoid 
fever increased in the city. At Lorain, Ohio, faulty operation of 
the mechanical filter likewise caused an increase of typhoid fever 
in 1903. 

In order to furnish an additional safeguard against infection of 
the water, it is becoming customary to provide for the disinfection 
of the water after filtration so that if for any reason the process of 
filtration has to be suspended, or if the bacterial eflBciency falls 
below what it should be, hypochlorite may be used. 

With the water supply filtered, expensive treatment of the sew- 
age discharged into the lake is usually unnecessary. In fact, in 
some cases no purification may be required so far as the protection 
of the water supply is concerned. Treatment of the sewage, of 
course, gives an additional factor of safety. 

The Problem a Local One. 

The problem of protecting the water supplies of the lake cities 
is primarily and distinctly a local one. Each city is guilty of pollut- 
ing its own water supply and each city is innocent of polluting the 
water supplies of its neighbors. There are perhaps a few minor 
exceptions and these are chiefly on the streams connecting the lakes. 
For example, the water supply of Detroit is somewhat polluted by 
the sewage of other places on the Detroit River, and the water 
supply of Niagara Falls is badly polluted by the sewage of Buffalo. 
As an example of a lake city that slightly pollutes the water of its 
neighbors may be mentioned Milwaukee, where the drift of the pol- 
luted water extends as far as Cudahy, but even the Cudahy supply 
is polluted more by its own sewage than by that of Milwaukee. 

Each city also has the remedy in its own hands, namely, the 
purification of its own water supply. 

At the present time there is no general pollution of the lake waters 
worthy of serious consideration and no general pollution problem 
is likely to arise for many years. The nearest approach to a general 
problem is at the southerly end of Lake Michigan where Chicago 
and a niunber of large cities are relatively near together. 

Fearing lest a general pollution problem might arise in this region, 
and hoping to secure concerted action on the part of the lake cities 
to protect the quality of the lake water, the Lake Michigan Water 
Commission was organized in 1908. It is comprised of public health 
officials, engineers, water analysts and others from the states of 
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Wisconsin, Illinois, Indiana and Ohio, from the lake cities them- 
selves, with representatives also from the United States Public 
Health and Marine Hospital Service. The Conmiission has held 
several annual meetings and its papers contributed have been help- 
ful in stimulating the interest in the general problem. 

In 1911 a more extended organization, known as the Great Lakes 
International Pure Water Association was projected and a tem- 
porary organization formed. 

As sources of inspiration and as centers of scientific discussion, 
such organizations are of real service. But, inasmuch as each prob- 
lem is a local one, it is difficult to see how concerted action can be 
or need be brought about. Nor does it appear that interstate or 
international arrangements are necessary in order to bring about 
Ideal reforms. Scientific co-operation is needed much more than 
legal co-operation or the promulgation of general laws bearing on 
the subject. 

The instances where the sewage of one city affects the water 
supply of another, as Detroit and Buffalo, or Milwaukee and 
Cudahy, are in almost every case contained within the limits of a 
single state. No international problems of water pollution of any 
great importance are likely to arise in the near future. 

Nevertheless the United States Government can, through its 
Public Health Service, perform a useful service by bringing its in- 
fluence to bear on individual cities, pointing out the dangers and 
recommending action where needed. Through its impartial posi- 
tion such recommendations carry weight. The power to compel 
action by the negUgent lake cities naturally lies with the state in 
which the city is located rather than with the federal government. 

It is evident from what has been said that some very important 
scientific studies need to be made to determine the laws that control 
the currents of the lakes and influence the dispersion of the sewage 
discharged into them. But it is not necessary to wait for such 
studies or to await further developments in the art of sewage treat- 
ment, as the obvious remedy for the protection of the lake water 
suppHes is filtration of the water, with provision for its disinfection, 
if necessary. With the art of water purification so fully developed 
as it is, so thoroughly tested by experience, and proven to be reh- 
able, no lake city can afford not to adopt this safe and sane method 
of protecting its citizens against the disease and death that lurk 
in sewage contaminated water supply. 
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DISCUSSION 

Mr. p. a. Maignen. — Mr. Whipple is to be complimented for his excellent 
paper. We can never tire of hearing so clear an explanation of facts from one 
so well versed in his subject. 

To enlarge the scope of the discussion I would like to ask Professor Whipple 
a few questions: 

Will he tell us what, in his judgment, is the cause or modus operandi of the 
loss of free oxygen in water? 

What is the influence on health of the presence in drinking water of the larger 
micro-organisms concerning which he has written so ably; and, is this influence 
exerted to the same degree in summer and in winter? 

A few years ago, upwards of ten thousand analyses were made in the speaker's 
laboratory with Schuylkill water. The average coimt of bacteria in winter was 
60,000 colonies per c.c. at the inlet to the settling reservoir at Lower Roxbor- 
ough, which holds about 24 hours' supply. At the outlet the average count 
was 90,000 colonies. In the sunmier the inlet gave 6,000 colonies and the out- 
let 3,000. Here is a very interesting observation — a considerable increase in 
the winter and a still larger decrease in the summer. Surely this is a subject 
worthy of the most serious investigation. 

Cold is supposed to check the growth of bacteria in water and here we have 
absolutely the reverse; in fact, the highest counts were foimd when there was a 
sheet of ice on the water. Sedimentation is supposed to purify the water. This 
seems to be true in the summer, but not in the winter. Why? 

Is it because in the smnmer the larger micro-organisms or protozoa such as 
the parameciae, rotifers, volvox, and the like, are extremely lively in eating 
the small bacteria as big fish eat the little fish? In the winter the larger fellows 
seems to go to sleep, they are hardly to be seen anywhere in the water, so it 
would seem as if, at this time, the smaller bacteria had the field all to them- 
selves; 

I would like to ask Professor Whipple if he has ever observed this co-existence 
of the protozoa and bacteria in summer, and the absence of the former in winter. 

I wish also to ask if any observation has been made as to the presence or 
absence of the protozoa in water known to have produced typhoid fever. These 
protozoa seem to be always present in water in which any kind of dead organic 
matter is undergoing decay, in fact they seem to be the chief instruments of the 
decay. 

There are, as we all know, a considerable variety of protozoa. Some live a 
few months and others a few weeks. Some multiply so fast that very little room 
is left for any other kinds. Most of them are poisoned by the product of their 
own metabob'sm. If you want to keep them alive you have to give them fresh 
water and fresh food; if not, they die in their own juice; others die for want of 
appropriate food; whilst others again seem to live a considerable period of time 
on soluble matter. One rule is constant, if you give them fresh water you see 
them multiply very quickly. This would perhaps account for observations made 
with sewage. Dilution of water with sewage does not necessarily mean a lesser 
number of micro-organisms; on the contrary, the fresh supply of water seems 
to facilitate their multiplication. 

I should also like to know what other diseases besides typhoid fever have 
been reduced by filtration? 
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I think the question of oxygen in water is an exceedingly interesting one. It 
reminds me of some observations which I have made for many years and as 
late as this afternoon. Place a drop of water infusion on a slide without spread- 
ing it, the drop will therefore be convex. If you focus the microscope so as to 
see the outer surface of the drop, you will see one kind of protozoa and one kind 
only; if you lower the microscope a little, you will strike another layer with 
another kind of micro-organisms, and finally if you reach the base, you will see 
some other species of protozoa and if there be any bacteria present, they are 
usually to be seen at the bottom. Some seek the air and go to the suiface. It 
is perhaps of this kind that we speak when we say that the micro-organisms are 
aerobic. Others go to the bottom — I suppose these are anaerobic. Would it 
then happen that the free oxygen in water is appropriated by the protozoa 
which seek the upper layer of the water? 

A last question: Would Professor Whipple tell us how often the typhoid 
bacilli has been found in water? It is, of course, cultivated in laboratories, but 
I understand it is se dom sought for in the water supply. Its cousin, the coli 
commune, is always sought as evidence of sewage poUution. 

Propessor Whipple. — We believe it has been foimd a few times, but just 
how many I do not know. 

Mr. Maignen. — Suppose a dead horse^is thrown into the river, what are the 
kind of micro-organisms that wJl fi:st appear on the scene to devour it? Any 
information on these different subjects would be very much appreciated. 

Mr. Webster — We are indebted to Mr. Whipple for his very interesting 
paper on the water supply of the Great Lakes and the movements of the cur- 
rents which tend to carry poUution to water supply intakes, and also the dis- 
cussion on the disposal of sewage by dilution. It is very evident that engineers 
are learning that the treatment and purification of sewage in this manner must 
be considered among the available methods. 

It is now recognized that streams flowing through populated areas are unfit 
for water supply without purification and that the sewage of towns draining 
into such streams must be treated to an efficient degree, but not necessarily 
purified. By this I mean that the sewage must be treated to such an extent 
that it will not place an overload of organic matter upon a water purification 
works nor create a nuisance in the waters into which it is discharged. A great 
work will have been accomplished by any large city when its sewage is treated 
to such an extent that it meets these requirements. 

It has been suggested that calcimn hypoclorite would be useful in the treat- 
ment of sewage. It may be used to great advantage in certain cases as a pro- 
tection to valuable shell fish, layings or in time of epidemics, but for our large 
cities the cost of constantly treating sewage with hypoclorite of calcium would 
be prohibitive, and as a means of purification without any other treatment 
it would not give satisfactory results, as the chemical would disinfect the sur- 
face only of the large particles of organic matter and prevent the decomposition 
of the interior for a time, so that when these larger particles became broken 
up, decomposition would develop. 

Mr. S. M. Swaab. — How far from the shore is that intake? 
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A. About 7,000 feet from the shore, and the intake is 40 feet below the surface. 

Diagram No. 2. — "When the wind was blowing toward the shore, the pure 
water was driven toward the shore. The temperature of that water was over 
60^. In this case the tendency will be for the sewage to flow away from the slK^re 
rather than towards it. 

Prop. WmppLE. — It is true that the larger forms of life thrive better in sum- 
mer, and are therefore most likely to destroy bacteria in that season. It is a 
fact that we almost never have typhoid fever outbreaks in summer weather 
due to water infection. Such outbreaks nearly all occur in the fall or the spring 
when the weather is relatively cold. Some interesting facts have been learned 
in regard to the life of the typhoid bacilli. We have known for some time that 
these germs live longer in cold water than in warm water. Just why has not 
been found out, but the bacteriologists are beginning to employ statistical 
methods Starting with a known number of typhoid bacilli added to water, 
and observing how they decrease from time to time they have plotted the results 
on logarithmic paper and find that the points tend to fall on a straight line. 
That is the typhoid germs decrease in number logarithmically. The slopes of 
the lines are different for different temperatures, the disappearance being more 
rapid in cold water than in warm water Dr. Loeb, of the Rockefeller Institute 
finds two processes going on in natural life, processes of death as well as pro- 
cesses of life. The life processes are 'very materially increased by an increase 
in temperature; but the death processes are increased still more. On the other 
hand, as the temperature falls, the life processes are decreased somewhat, but 
the death processes are not increased as fast in proportion. And that explains 
— if we may call it an explanation — why it is that in the high northern lati- 
tudes, we find an imexpected abimdance of microscopic life. The water tho'e 
contains a great many more microscopic organisms than in the water fartho* 
south, because the death processes there do not take place as rapidly as the 
life processes. Just what these two processes are, I do not pretend to say. 

As to some of the other questions that Mr. Maignen asked, I do not know 
that I can tell by name what other diseases are reduced by filtration, other 
than typhoid; but we do know that often when bad water is made good by 
filtration, not only does the death rate from typhoid fever decreaas. but that 
the death rates from pneumonia and tuberculosis and other disea^ that are 
not usually attributed to the water we drink also decrease. 

Mr. Maignen. — ^You did not answer my question as to what is the cause of 
the loss of oxygen. 

Prof. Whipple. — I do not know that I can answer that except in a general 
way. Fish require a certain amoimt of oxygen, quite a large amount. I pre- 
sume that most of you know by experience that when the children go away for 
the summer and leave the little gold fish in your charge, the fish usually die; 
not because of lack of care on your part, but because the little jar is too small 
to allow the absorption of sufficient oxygen from the air for the life of the fish. 
Microscopic organisms and some bacteria need a certain amount of oxygen. 

Mr. Swaab. — The hypochloride can be used economically and to much bet- 
ter advantage on the water supply. Of course, there are times when the water 
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supply may fail, the mains may break; but in that case, I believe the precau- 
tion should be taken of having at hand means of treatment of the water supply. 
We cannot hope to get that protection from the sewage. This question of 
treatment of sewage is largely an economic one, and it is the duty of the sani- 
tary engineer to take advantage of all those forces of nature that he has at hand. 
The great reforms that we looked for years ago are now, I think, practicable. 
Engineers are now speaking of "sewage treatment" and not sewage purifica- 
tion. 

Mr. Vogleson. — I have been very much interested in what Professor Whipple 
has told us. If I remember correctly, he said that in the disinfection of water 
supplies, the practical results did not bear out the theoretical formulae. In 
the application of disinfection we run across a great many difficulties in regard 
to getting the service we desire, and I would like to ask if the difficulty in ap- 
proaching the theoretical efficiency is not one which may be overcome by thor- 
oughness in practical details. 

Pbof. Whipple. — In r^ard to that, I would say that if the disinfectant is 
thoroughly mixed, and used in proper quantities there cannot be any question 
of its effectiveness, but I have seen many cases where it is impossible to get 
the intimate mixture that is necessary. You cannot discharge the solution 
through a pipe down into an aqueduct and expect to get a good mixture; some- 
times it is necessary to resort to some special means to agitate the water and 
get the chemical thoroughly mixed. In so far as mixing fails, the process will 
fail. 
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ABSTRACT OF MINUTES OF THE CLUB 

Joint Meeting op the Engineers' Club and the Philadelphia Chapter of 
THE American Society op Mechanical Engineers, October 5, 1912 

The meeting was caUed to order by Vice President Plack at 8.35 P. M., with 
72 members and visitors in attendance. The minutes of the business meeting 
of September 2l8t, were approved as printed in abstract. 

Mr. George H. Perkins, of the Lowell Institute of Technology, spoke on the 
Exhibition for the Abatement of the Smoke Nuisance held in London in the 
spring of 1912. 

Mr. O. R. McBride, of the University of Pittsburgh, read a paper, entitled^ 
"Methods and Means of Smoke Abatement.'' The subject was discussed by 
Messrs. H. F. Morris, Chief Lukens, of the Bureau of Boiler Inspection, Mr. 
W. C. Furber, Dr. Howard S. Anders, Dr. Herman B. Allyn and others. On 
motion of Mr. E. S. Hutchinson, a vote of thanks was extended to Mr. McBride 
and Mr. Perkins. 

Regular Meeting, October 19, 1912 

The meeting was called to order by Vice President Plack at 8.35 P. M., with 
68 members and visitors in attendance. The minutes of the Joint Meeting of 
the Philadelphia Chapter of the American Society of Mechanical Engineers and 
the Engineers' Club, held October 5th, were approved as printed in abstract. 

The Secretary annoimced that the following had been elected to membership 
by the Board of Directors at their regular meeting held October 17th, 1912: 
Active — G. Walker Gilmer, Jr., and Jonathan Jones; Junior — Fred M. Schilling 
and C. Carroll Sloan. 

Mr. C. D. Watson presented the paper of the evening, entitled, "The De- 
velopment of Separately Moulded Structural Concrete," which was discussed 
by Messrs. S. M. Swaab, John C. Trautwine, Jr., Edward S. Hutchinson and 
Prof. H. C. Berry. 

Regular Meeting, November 2, 1912 

The meeting was called to order by President Hess at 8.40 P. M., with 75 
members and visitors in attendance. The minutes of the Regular Meeting of 
October 19th were approved as printed in abstract. 

Professor G. C. WTiipple present^ the paper of the evening, entitled, "Sani- 
tary Protection of the Water Supplies Taken from the Great Lakes, " which was- 
discussed by Messrs. P. A. Maignen, G. S. Webster, John C. Trautwine, Jr., 
S. M. Swaab, Wm. Easby, Jr., J. A. Vogleson, Prof. Whipple and others. 

On motion of Mr. Trautwine, a vote of thanks was extended Prof. Whipple. 

Business Meeting, November 16, 1912 
The meeting was caUed to order by President Hess at 8.40 P. M., with 206- 
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members and visitors in attendance. The minutes of the Business Meeting 
of November 2nd, 1912, were approved as printed in abstract. 

The Committee on Nominations presented the following nominations for 
officers of the Club for the year 1913: President, W. P. Taylor; Vice President,^ 
S. M. Swaab; Secretary, E. E. Krauss; Treasurer, J. Reese Bailey; Directors, 
J. E. Gibson, Manton E. Hibbs, H. Clyde Snook, F. K. Worley. 

The following were reported as having been elected to membership by the 
Board of Directors at their meeting of November 14th, 1912: To Active Mem- 
bership — Harold Marcus Leh, John S. Ely; Junior Membership — Walter Stokes 
Fogg, Norman Dudley Fulton, Edward H. Robie. 

Mr. Henry M. Neely presented the paper of the evening, entitled "The Me- 
chanics of the Aeroplane, " which was discussed by Messrs. E. G. Perrot, C. W. 
Bell, H. Goodwin, Jr., Carl Hering, W. C. Furber, S. M. Swaab and M. E. Reid. 

On motion of Mr. Quimby, a vote of thanks was extended Mr. Neely. 

Business meeting, December 7th, 1912: 

Business Meeting, December 7, 1912 

The meeting was called to order by President Hess at 8.35 P. M., with 97 
members and visitors in attendance. The minutes of the business meeting of 
November 16th, 1912, were approved as printed in abstract. 

Mr. B. A. Haldeman presented the paper of the evening, entitled, "The 
Planning of City Streets," which was discussed by Messrs. George S. Webster, 
H. H. Quimby, B. A. Haldeman, W. C. Furber, S. M. Swaab, Henry Hess, E. 
M. Nichols and H. M. Chance. 

Business Meeting, December 21, 1912 

The meeting was caUed to order at 8.35 P. M., by President Hess, with 100 
members and visitors in attendance. The minutes of the Business Meeting 
of December 7th were approved as printed in abstract. 

It was announced that the following were elected to membership at the meet- 
ing of the Board of Directors on December 19th: Active — J. Willard Gamble, 
Silas G. Griffith, Paul C. Haldeman, Allen S. Hurlburt, John J. Young, Jr.; 
Junior — Edward H. Blum, Chas. C. Campbell, Alexander P. Gest, Jr., T. Otto 
Mayer and David M. Niver. 

The following additional nominations were presented: 

For President, Mr. W. L. Plack, endorsed by Messrs. Joseph T. Richards^ 
Frederick W. Abbott, Chester E. Albright, Walter Loring Webb, Henry L. 
McMillan, Alfred D. Morris, E. M. Nichols, Herman Livingston, A. M. Louden- 
slager, F. S. Crispin, J. Chester Wilson, Harrison Souder, John A. Carlisle. 

For Director, Mr. H. M. Chance, endorsed by Messrs. Walter Loring Webb^ 
Henry L. McMillan, E. M. Nichols, Herman Livingston, J. Chester Wilson, 
Harrison Souder, John A. Carlisle, W. Copeland Furber, Charles F. Mebus and 
J. Lawrence Hagy. 

Mr. F. C Robinson presented the paper of the evening, entitled, "Manu- 
facture of Petroleum Products," which was discussed by Messrs. W. M. Irish^ 
Wm. T. Price, John C. Parker, Henry Hess, S. M. Swaab, W. C. Furber, Carl 
Hering, and others. 

A vote of thanks was extended to Mr. Robinson for his paper. 
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ABSTRACT OF MINUTES OF THE BOARD OF 

DIRECTORS 

Reqxtlar Meeting, October 17th, 1912. — Present: President Hess, Vice Presi- 
dent Plack, Directors Kerrick, Worley, Develin, Gilpin, Haldeman, Swaab, 
Yamall, the Secretary and the Treasurer. 

The Treasurer reported a net gain to October Ist of $854.04. 

The following resignations were accepted: M. K. Bryan, George E. Dale, 
R. K. Matlock, L. A. Sagendorph, H. A. Rogers, Wm. R. Webster. 

The President and Treasurer were authorized to negotiate a temporary loan 
for sixty days, the Finance Committee to recommend the amount. 

The following were elected to membership in the Club: Active — G. Walker 
Gilmer, Jr., Jonathan Jones; Junior — Fred M. Schilling, C. Carroll Sloan. 

Malcolm R. Maclean was transferred from Junior to Active membership. 

Communications from the Water Conservation Association and the British 
Fire Prevention Conmiittee were referred to the Committee on Pubhc Rela- 
tions for action. 

Regular Meeting, November 14th, 1912. — Present: President Hess, Vice 
President Mebus, Directors Halstead, Kerrick, Gilpin, Vogleson, Haldeman, 
Swaab, Yamall and the Secretary. 

The Treasurer reported that C. F. Morrall had been dropped from the roll, 
in accordance with the By-Laws, on account of the non-payment of his initia- 
tion fee. 

The following members were dropped from the roll for non-payment of dues: 
R. D. Allen, T. H. Boorman, E. Cunningham, Wm. McClellan, H. G. Perring, 
H. S. Righter, Wm. T. Ruth, W. A. Smethurst, J. Walter Ward and E. H. Wray. 

The accoimts of the above were ordered to be cancelled on the books, and 
listed in a special ledger. 

The resignations of R. K. Sheppard, Philip L. Spalding, George L. Thompson, 
J. A. Colby, John Horridge, Wm. G. Bickell, Carroll W. Simon, F. K. Wilkin- 
son, E. S. Morrell, M. Monaghan and W. K. Mai tin weie tabled. 

The report of the Finance Committee was read and approved, and the matter 
of the first mortgage referred back to the Committee, with instructions to re- 
new the mortgage for a period of five years, if possible. 

The Membership Committee's report was read and approved, and the follow- 
ing were elected to membership: — ^Active — Harold Marcus Leh and John S. 
Ely; Junior — Walter Stokes Fogg, Norman Dudley Fulton and Edward H. 
Robie. 

The following Juniors were transferred to Active membership: G. L. Watters 
and Arthur C. Merrill; to Associate membership, T. Joseph Reilly. 
The Committees on Publication, Meetings, Publicity, Advertising, Public 
Relations had no reports to make. 
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The report of the House Committee and of the Library Committee were read 
and approved. 

The Business Manager's report was read and approved. 

Owing to the fact that a legal quorum was present, on motion, all former ac- 
tions of the Board were ratified* 

A special sinking fund was authorized to be created for the purpose of liquid- 
ating second mortgage bonds and building notes, the conditions covering this 
sinking fund to be determined later. 

The following changes in the lules for the government of the Board of Di- 
rectors were adopted: Following the reading of the Minutes, ''All resolutions 
and motions passed at the previous meeting be read and corrected or approved, 
as the case may be." 

It was also resolved that no resolution shall be voted on imtil it has been fully 
reduced to writing, read and approved by the propoimder and his seconder. 

Regular Meeting, December 19, 1912. — Present: President Hess, Directors 
Halstead, Kerrick, Develin, Gilpin, Vogleson, Haldeman, Swaab, Worley, 
Yamall, the Secretary and the Treasurer. 

The minutes of the meeting of November 14th and the motions and resolu- 
tions of the meeting of November 14th were read and approved. 

The Treasurer's report was read and approved. 

The Secretary's report was read. A resolution, relative to Mr. Plaok's resig- 
nation was passed, as follows: 

'^Resolvedj that it is the sense of the Board of Directors of the Engineers' 
Club of Philadelphia that it would be extremely unfortunate for the Club to 
lose the services and association of Mr. W. L. Plack, who for many years has 
served the Club earnestly and eflBciently. We therefore ask that Mr. Plack 
seriously reconsider the matter of his resignation." 

Mr. E. S. Morrell's resignation was accepted as of December 31st, 1912. 

The reports of the Finance, Library, House, Advertising, Public Relations 
and By-Laws Committees were read and approved. 

The report of the Membership Committee was read and approved, and the 
following were elected to membership: Active — ^J. Willard Gamble, Silas G. 
Griffith, Paul C. Haldeman, Allen S. Hurlburt, John J. Yoimg, Jr.; Junior — 
Edward H. Blum, Charles C. Campbell, Alexander P. Gest, Jr., T. Otto Mayer, 
David M. Niver. John Horridge and John A. Remon were transferred from 
Junior to Active membership. 

The Business Manager's report was read and approved. 

It was decided that in the matter of a legal quorum of the Board, the elec- 
tion of officers to the Club, the letter ballot and the legality of the By-Laws, 
be referred to a Committee of three, and the President appointed the following 
to constitute this Committee: J. A. Vogleson, Chairman, S. M. Swaab and 
W. P. Taylor. The Committee was then instructed to gather the information 
and data relative to the above subject, and present the same to the Board at 
their next meeting, in order that they might decide the matter of referring the 
same to counsel for report. 

The question of allowing the Aero Club of Pennsylvania to make their head- 
quarters at the Engineers' Club of Philadelphia was discussed, and it was re- 
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solved that the Board authorise the renting of desk space or a room to the Aero 
Club, to be used by only the Secretary and President of the Aero Club, and the 
Board referred to the House Committee for its recommendations to the Board 
the matter of rental to be charged. 

The Secretary was instructed to inform the Board of Directors of the Aero 
Club of Penncfylvania, at their meeting to be held Deoemb^ 20th, at 3.30 P. 
M., as to the action taken by the Board in the matter. 



FhDlo by Emus SluJioi. 

HENRY HESS 
35th President of The Esotneers' Cluu i 



Editors of other technical journals are invited to reprint articles 
from this journal, provided due credit be given thePRocEBDiNoa 

PROCEEDINGS 

OF 

The Engineers' Club 

OF PHILADELPHIA. 

ORGANIZED DECEMBER 17. 1877. INCORPORATED JUNE 9. 1892. 

Note — ^The Club as a body, is not responsible for the statements and opinions 
advanced in its publications. 
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ANNUAL ADDRESS 

BY THE RETIRING PRESIDENT 

HENRY HESS 

February I, 19 IS 

This being the last meeting with the present Board, the new offi- 
cers coming in with the next meeting, a motion to adopt or otherwise 
discuss the Annual Report is in order. You have had that report 
mailed to you and it is before you now. I would call your attention 
to just a few things to be found in the annual report which may be 
of particular interest to you. 

We had, in 1911, a total membership of 587 members; that in- 
creased by 12 members, net, in the course of the year, so that at the 
end of 1912 we had 599 members. For the year 1912, taking into 
account the people who have applied for membership, and who have 
been recommended for membership, the total membership will be 
raised to 611, which is not as much gain as we have had in some 
years, but is rather an average gain — about 24 members gained for 
the year. 

What your Club needs for its continued welfare, and to put it on 
its way to getting along just a Httle bit easier, is a few more member.-^. 
During the course of the year occasion has been taken several times 
to call attention to the need for additional membership. It is the 
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one imperative thing that the Club needs. Your Club is not getting 
along comfortably; your Treasurer finds it quite a hard job to make 
ends meet, and in order that the Club might live easily, the Treas- 
urer and other officers have more than once appUed their own per- 
sonal funds to the tiding over of temporary difficulties, and also 
used their personal credit in endorsing your Club's paper. A matter 
of fifty new members would change the whole situation, and you will 
be absolutely in a position where your credit will be that of a good 
financial institution, able to promptly take care of its bills and to 
discount them. If every member of the Club will constitute him- 
self a Committee of One, to get in a new member — or if only ten per 
cent, of our membership would do that — you will have the Club on 
Easy Street in every way possible. 

The Suspense Account for the year amounted to $695. It has 
been the fashion heretofore to carry in your Suspense Account dues 
from people who claimed having resigned. Yet, the resignation 
was in a form not recognizable under the By-Laws. While they 
were able to make their resignation actually effective by refusing 
to make further payments, the Management took the ground that 
they still owed their dues. The Suspense Account shows for the 
year 1912, as compared with a previous year, a less favorable state- 
ment of your finances; it is actually a more favorable one, because 
these technical defalcations have been entirely omitted, so that every 
dollar shown is a dollar of assets. Accounts receivable are actual 
accounts receivable, worth their full face value. In reading the old 
statements, the account ought to be liberally discounted to show the 
real standing. 

During the past year, the Club has really taken on the functions of 
a Club Hotel. You have added to the facilities a considerable 
number of bedrooms and have also increased the ability of your 
restaurant to take care of the needs of this increased patronage; this 
has been so much appreciated that your rooming facilities have been 
taken advantage of in excess of eighty per cent, average. There have 
been times when people had to be sent to the Hotel Stenton, where 
arrangements were made for them to be taken care of at the same 
rates as here at the Club. 

And now, leaving the annual report, I will ask your indulgence for 
a few minutes, during which I will attempt to analyze some of the 
Club's affairs by the use of diagrams. Considerable work on the 
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part of your Business Manager was required to get some of this to- 
gether, so that some of it has come to me only as late as this morn- 
ing, and I must therefore ask your indulgence for simply talking \vith 
some diagrams to refer to and a few brief notes that I have not had 
time to rewrite. 
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Fig. 1. Individual Membership Roster. 

Chicago and New York are always ready to talk about Philadel- 
phia being slow, but here is evidence that Philadelphia is not slow; 
Messrs. Williams, Browne and Earle have turned these slides out for 
me since three o'clock this afternoon, Saturday afternoon at that. 

You will notice this (Fig. 1) gives a total of the membership from 
the beginning of the Club in 1878, at which time you started with 
twenty-three members, increased to 58 by the end of the year. I 
have drawn verticals for each 10-year period. There was a satisfac- 
tory growth up to 1883, when there set in a very sharp acceleration. 
Older members have told me that this was due to individual propa- 
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ganda and the entry in permanent headquarters on Girard Street. 
Before that, I believe, the members met wherever they chanced to 
get convenient places. In 1888, you got up to 512 members. There 
was then apparently a drop to the low water mark of 1890-91. 

I have heard that about that time some friction developed such 
as comes at some time in the history of most institutions. The 
dotted line may be taken as a fair average of the Club's growth. 
Then you went along with small variations, evidently needed time 
to recover. About 1902 to 1903, recovery came and then grew ra- 
pidly and went beyond the average by 1908 at the time you entered 
into the enterprise of your own Club House. There was also a raise 
of dues from $15 to $25; I thnk that was in 1908, and then a further 
raise of dues the next year from $25 to $35, which evidently caused 
a number of members to drop out. However, the reaction seems 
but a natural one, as it did not aflfect the average (dotted line) 
growth line. This average line indicates that your Club is pro- 
gressing fairly along the lines of original promise. 
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Fig. 2. Annual Member Losses 
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The lowest line shows the toll levied by the indefatigable reaper. 
A distressing loss is shown by "B" line, which indicates resignations, 
the maximum being reached in 1895. I cannot find anything which 
would indicate a reason for that. Your maximum yearly losses by 
resignation was 86 members, throwing the line oft the diagram; 
that was in 1910, which was the year pending the maximum in- 
crease in dues to $35. In the earlier years there were carried as mem- 
bers a good many people who were really not members. They re- 
ceived the Transactions, but did not pay their dues, and were not 
dropped as they should have been undpr the By-Laws, The first 
record of anyone being dropped was in 1893 ("C" line). That reached 
a maximum in 1908 of about 51 members dropped from the rolb for 
non-pajTnent of dues and similar reasons. 

Your incoming Board will undoubtedly welcome any suggestions 
that can be made by any C^lub member as to what he conceives to 
be the reasons for the erratic record of resignations. There must be 
underlying causes, and if these causes could be removed, that would 
be very much to the benefit of your Club. 
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All above the zero line is gain in membership, and everything be- 
low is loss. The first year showed an increase of 35 members, and 
one year — 1884 — of 119 members. You have never gained as many 
as that in any one year since. You went on gaining up to 1898, 
which records the first actual decrease of 18 members. Then you 
kept on losing members for about three years, and after that turned 
the tide with the next largest gain, in 1907. You see that that co- 
incides about with the largest total loss in membership. The raise 
to $35 in the dues again resulted in a loss. If you take your average 
increase of membership per year to date you will find it to be 16. 
Peculiarly, the average increase for this last ten year period is iden- 
tical with this average for the whole period of your existence. 
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Fig. 4. Annual Income and Expense, and Profit and Loss 

In a general way, when the expense has gone higher than the in- 
come a loss in membership is shown. In such, the area enclosed by 
he two lines is solidly black. You run along sometimes with a small 
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deficit, sometimes with a small surplus, resulting in a fairly substan- 
tial surplus in 1905 and the two following years in 1908 and 1909 
you have a deficit, changed to a surplus in 1910, and since maintained 
the line at the right side of the ledger. Relatively, this surplus is far 
better than the figures show being safer and more conservative, 
since everything which ought not to be there has been taken out, 
under a scrutiny far more rigid as to your assets and bills receivable. 



Fig. 5. Annual Pkofit and Loss, 

Here 1 have taken again the data shown on the last sheet, but in 
order to make it clearer, I have referred the profit and loss as plus and 
minus on either side of a zero line. This shows your surplus for the 
different years. The decrease in 1908 was larger than any decrease 
which you had before. 

You can say, in a general way, that your surpluses are not cash 
surpluses or money in the bank. It is your net worth, but does not 
mean that you owed that much money at that time; rather that your 
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book liabilities were larger than your book assets; your book liabili- 
ties include matters which are not cash just as your book assets do. 




TT" 



You have here again your annual income and your expense, but 
from a different view-point. Whenever your book income exceeds 
your expense, that is shown by a cross-hatched area and when there 
is a deficit that is shown by a solid black area. 

Fig. 7. This diagram is somewhat more instructive as it shows 
the profit and loss with reference to the individual members. This 
is the annual profit and loss per member. You will see that in your 
first year of business in 1879, you had a fair profit per member of one 
dollar. In the next year that decreased to 35 cents, then rose to 
$2.75 per member, and then it dropped to $2.00 on the wrong side 
of the ledger per member. In your early days you see you had quit« 
large profits and large deficits per member. Here in 1908, there was 
a deficit per member of about $6.00, changing to zero in 1910, when 
you broke just even, and the next year you went to $3.00 and in 
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1912 to $4.00 profit. That 1912 showing of $4 surplus represents 
real values with all doubtful accounts eliminated and is a fairly 
satisfactory showing. 

Fig. 8. Profit and Loss per Member per Year. 

This is an attempt at studying the relationship of the cost per 
member with the total number of members. When I am making 
castings, I know they will cost me more per pound or per ton for a 
small total output than they will if I am turning out castings in lai^e 
quantity. 

The greatest profit of $1.55 per member, per year, attended a total 
membership of 180, but a slight increase to 218 members diminished 
this to a loss of $ .90. The record shows a decrease of variation as 
the membership increases. The dotted line (which shows the s.vct- 
age) has not been calculated, but traced in by the eye. It shows a 
trend to a decrease in profit per member per year, as 
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Fig. 8. Profit and Loss per Member per Year 

members. That is no doubt because an increase in numbers, and 
with that in income, brought in its train an increase n our wants. 
For instance, we went out of a simple place on Chestnut Street where 
the profit per member was very much higher than it was when we 
were at Girard Street, and then to this house. Each member gets 
many things not had before, naturally with a decreased profit per 
member. I think it is safe to say we are not hkely to further increase 
the expense per member in this house. The cost per member now 
so far as our publications are concerned is reasonably stationary; 
the restaurant losses, now rather large, are lessening with increasing 
patronage; we may even look for a tendencj' in this line to reverse to 
an ascent. It is a healthy sign that it has maintained its average 
on the profit side. It should not be more than slightly above zero, 
as it is not the purpose of the Club to make money. The profit 



Hess — Annual Address. 109 

per member per year should be as low as possible, always with an eye 
directed toward a safe total amount from the total membership. 

Let us hope that the decrease in our book surplus has its compen- 
sations in things that cannot be booked. We cannot put them on 
the diagram. I hope that every member will feel that he is getting 
his full share of the benefits, and will make every other member feel 
that he is getting his, and if he does that we are working towards an 
increased surplus, tangible and intangible. An increasing member- 
ship will increase the possibility of giving to each member increasing 
value in every direction. 

There are new features already in growth that make for actual 
loss; I am now talking of the losses that the ledger will show. At 
the old quarters expenses were limited to rent, to the business meet- 
ings, the technical meetings and the transactions. You now have a 
Club with Hotel and House conveniences. You fill your rooms at 
a fair rental, but moderate as compared with a hotel charge for simi- 
lar comforts; the few cases of occasional discomforts are fast being 
elim'nated with increasing expenditure; your rooms are a source 
of profit, small, but actual profit. Your restaurant, as are most 
Club restaurants, is run at a loss. Some features show a profit, 
such as the sale of cigars and liquors. On the sentimental side, there 
is ample justification for that loss. Your Club is to a certain extent 
your home, you do not count as loss the coSt of that. The restaurant 
is profitable in another way, it brings guests — a great many guests — ^it 
also has some influence in increasing our membership. Turn to 
another phase. You now have a house which is a desirable meeting 
place for all sorts of technical organizations, and so are the nearer 
to the ideal of your organization. You meet here in technical ses- 
sions probably more often than any other engineering o ganization 
in the country. There are few, I believe, that meet fortnightly, 
many do not even meet monthly. Quite a number of organizations 
have applied for the privilege of meeting here, and some of them 
have asked for permission to make this house their headquarters. 
Some are now so located, that is, their secretaries have desk room 
and pay desk rental. Some of them have asked for the privileges of 
the house, which, however, could not be granted. 

There are four now who have made arrangements, and three more 
have asked for it. They pay rental for the auditorium when they 
use it, and they pay rental for their secretaries' desks. 
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Paper No. 1119 

THE IMPORTANCE OF METEOROLOGICAL DATA 

IN ENGINEERING 

BY GEORGE S. BLISS 

Director of Pennsylvania Ollmatological Service 

R^ad September Zl. 1912 

The increasing use of meteorological data by the great industrial 
interests of the country' during the last five or six years has been 
remarkable. The conduct of business with due regard to the effects 
of weather changes and of general climatological conditions is rapidly 
coming to be recognized as not only convenient, but decidedly pro- 
fitable. This is true to a greater or less extent in practically all lines 
of industrial activity, and much of the permanent benefits accrue 
through its application to certain classes of engineering work. 

Our progress, during the last decade, in the development of hydro- 
electric power, in irrigation and drainage work, in the installation of 
adequate and efficient water supply systems for the larger cities, and 
in the improvement of our waterways, has been phenomenal, and it 
is apparent that we are entering upon an age of growth and develop- 
ment along all these Hnes such as the world has never known. No 
engineering scheme, covering any phase of this work, can be intelli- 
gently formulated unless full consideration is given to the meteoro- 
logical conditions inherent in the locality. 

The agricultural engineer, a combination of engineer and scien- 
tific agi'iculturist, is recently coming into prominence in this country. 
The successful conduct of his work demands a continuous use of 
meteorological records as well as intelligent application of many of 
the known laws of atmospheric physics. Thus in addition to being 
an engineer and a scientific agriculturist, he must be something of a 
meteorologist. In the mountainous portions of the country, and 
especially in the large fruit growing districts, the matter of air 
drainage has beco:Ti3 equally as important as that of water drainage. 
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The city engineer should take into account not only the average 
precipitation for his locahty, but also the excessive rate of rainfall 
on unusual occasions, and should plan his drainage accordingly. 
The overflowing of water from the streets into basements and the 
bursting of sewers during heavy rains have frequently emphasized 
the need for more careful computations in these matters. 

It used to be customary, in the construction of railroads and high- 
ways, to install such bridges and culverts as the judgment of the 
engineer dictated, and then later to build larger and more substan- 
tially at those points where washouts proved the inadequacy of the 
first structures. Much of this inconvenience and expense is now 
being avoided by an intelligent consideration of rainfall records in 
connection with the topography of the country. 

The use of meteorological records by the engineering profession 
became so great that in 1908 the Chief of the U. S. Weather Bureau 
decided to compile and publish all data by drainage areas instead of 
by state boundaries as had formerly been done. Beginning with 
July of that year, he divided the country into twelve districts, com- 
prising the twelve principal drainage systems, and appointed a 
district editor in each to compile and summarize the records for publi-* 
cation. As now issued, the data for each drainage area comprises a 
separate of the ''National Monthly Weather Review." These 
separates may be obtained by interested persons upon request and 
without cost, while a subscription price is charged for the complete 
''Review." 

The launching of a great reclamation project requires first of all 
a careful estimate of the agricultural possibilities of the region in 
question, in order to determine what would be a reasonable expendi- 
ture in carrying out the work. This estimate must include several 
factors, chief of which pertains to the climatological features not only 
of the district which it is proposed to reclaim, but of the drainage 
basin which is to furnish the water supply. It is especially impor- 
tant to determine with reasonable accuracy the run oif from this 
drainage basin during the driest and wettest years. The agricultural 
value of the reclaimed area will depend not merely upon its topo- 
graphy and the quality of its soil, but also upon the usual conditions 
of temperature, wind and sunshine, the rainfall in this case being of 
secondary importance. The average length of the growing season, 
or in other words the average time between the last damaging frost 
of spring and the first of autumn, must be considered at all events. 
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Irrigation, drainage, and the development of hydro-electric power 
are often intimately associated by combining facilities for sub-surface 
irrigation with those of tile drainage, and by installing power plants 
at the retaining dams of great irrigation systems. Tile drainage has 
been found to be almost as beneficial in dry seasons as in wet ones, 
and more land has been reclaimed by drainage than by irrigation. 
It may also be mentioned that in some places hydro-electric power 
is being used to pump or elevate water for irrigating purposes to 
points that would otherwise be inaccessible. 

In addition to the large field, as outlined, in which the meteoro- 
logical data are of prime importance, it may be suggested that the 
rainfall records offer an opportunity for the engineer to greatly en- 
large his field of acti\dties. A careful study of the rainfall records 
for the United States reveals the fact that there are few, if any, agri- 
cultural districts in which the rains are so dependable as to make 
irrigation unnecessary or unprofitable. Almost invariably there 
occurs a period during each growing season when the deficiency of 
moisture is such as to check the growth of vegetation. Irrigation 
at such times would greatly increase the production and might 
"double or triple the yield, or even produce a good crop where practi- 
cally all would otherwise have been lost. With the demands for 
produce rapidly outstripping the supply, more intensive methods of 
agriculture are becoming imperative in this country, and facilities for 
irrigation form the chief problem in this connection. 

Many valleys offer opportunities to lead water from streams at 
the upper reaches and conduct it in flumes along the hillsides above 
the land to be irrigated. In other places it may be necessary to 
elevate the water by hydraulic power, and in still others wind power 
may be utilized for large pumping operations. All of these problems 
are for the engineer and in fostering and developing them he can make 
extensive use of the meteorological data that can be supplied by the 
U. S. Weather Bureau. 

Data for a definite locality may often be unobtainable, but in this 
country they can usually be interpolated with sufficient accuracy 
from nearby points where records have been kept. An instance 
of how this can be done maybe cited in the Los Angeles water project, 
which ranks among the greatest engineering feats that have been 
accomplished by municipalities. When it was proposed to bring 
water to Los Angeles from the Owens Valley, a distance of 200 miles 
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over mountains and deserts, it became necessary to ascertain the 
water resources of the valley. Old precipitation records were not 
available from a sufficient number of points to establish the average 
rainfall as well as the extremes for the valley, and to determine its 
relation to the run off. 

Rain gauges were therefore located at numerous points and their 
catchment for several months was pro rated with that of the perma- 
nent gauges. The application of these ratios to the older records 
formed a satisfactory solution of the problem. The flow of the small 
mountain streams was also measured and it was found that seepage 
and evaporation are so great that only fifteen per cent, of the pre- 
cipitation finally reaches the Owens River. 

The United States Weather Bureau maintains something over 200 
stations at which complete meteorological records are kept. In 
addition to these there are more than 5,000 co-operative stations 
equipped with standard thermometers and rain gauges. Conse- 
quently, there are few localities more than 75 to 100 miles from a 
regular Weather Bureau station, while temperature and precipita- 
tion records are available at one or more places in nearly every county. 

At a majority of the stations the records cover periods of ten years 
or more, and in nearly every state there are several points at which 
they have been kept for 30 years or upwards. Usually a ten-year 
mean will vary less than ten per cent, from a thirty-year mean, and 
ten years of complete data may be depended upon to include the ex- 
tremes except those rare occurrences which become matters of his- 
toric comment. 

Most of the records for the whole country are on file at all the 
larger Weather Bureau stations, but that fact is not so generally 
known as it should be. Nearly every engineer who has visited the 
Philadelphia office has commented about the large amount of me- 
teorological statistics available. 

At present we are recording precipitation measurements at about 
100 places in Pennsylvania, mostly in small towns along the rail- 
roads and in the valleys. It is my belief that the number of stations 
should be nearly doubled, the increase being distributed wherever 
possible over the higher ridges and the headwaters of the principal 
streams. Precipitation records are to become such an important 
factor in our industrial development of the near future that there is 
little danger of acca.iiulating excessive or unnecessary data of this 
character. 
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The Weather Bureau data comprise not only the ordinary records 
of temperature, precipitation, wind, and sunshine, but also include 
gauge records of all the principal streams. These river gauge re- 
cords are indispensable in calculating the run off for a given drainage 
area, or for determining its relation to the precipitation. During 
the last few years the Bureau has maintained a large number of 
special snowfall stations in mountain districts of the far West, and 
thus reliable information is furnished regarding the reserve water 
supply for many power plants and irrigation operations. 

In closing I wish to express my belief that in the future the hydro- 
electric and the agricultural engineers are to become the leaders of 
the profession, the opportunities of the agricultural engineer being 
practically unlimited. Their efficiency will dei>end, in no small 
measure, upon their ability to make intelligent use of meteorological 
data in their computations. 

DISCUSSION 

Mr. John C. Trautwine, Jr. — I need hardly remark that Mr. Bliss is entirely 
mistaken in saying that one of the chief merits of his paper was its brevity. It 
might well have been much longer. 

The activities of the Weather Bureau admirably illustrate the fact that not 
only can the Government do some things better than the individual or a private 
corporation, but it does things which no individual, firm or corporation would 
undertake, because there is "no money in them. " 

If I understand Mr. Bliss correctly, the complete records for each district are 
sold on subscription (and I venture to say that the fee is very moderate) while 
the separates can be had for the asking. 

I know of no one who is better qualified to discuss this question than our 
veteran fellow-member, Mr. Codman, to whom we are indebted for many years 
of hard, painstaking and intelligent work in charge of the city's gauging stations, 
and for the city's success in wheedling, out of the City Councils, the paltry sums 
required to keep these stations going. 

Mr. Codman. — For the past twenty-nine years, the Bureau of Water, Depart- 
ment of Public Works, has maintained a series of observations on rainfall and 
stream flow, and have secured valuable data on a number of streams in this 
vicinity, including the Schuylkill River. 

A discussion of the whole subject of rainfall and stream flow in connection with 
the value of meteorological observations to the engineer would consume iruch 
more time than is usually allowed in discussing the main topic of the paper. I 
will, therefore, confine my remarks to the collection of the rainfall data and its 
value in computing its sequence in the amount found flowing off in the natural 
water courses and drainage from the surface of the ground. 
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In computing the rainfall from the surface of the ground, dependence upon the 
flow-off computation must be to a large extent based upon the accuracy of the 
scientific observation. 

As these observations are, for the most part, made by voluntary observers, it 
often occurs that a break will be found in the data of several months or more at 
a time, and a long continued series of observations without a break is very rare, 
and a complete record is extremely valuable to the engineer in making up the 
computations. The Bureau has paid the observers employed by it a small 
monthly salary, and by this means has succeeded in getting a very valuable 
record. 

In recording data of this kind, it is important for accuracy to observe a number 
of points, first, that the rain gauge shall be so placed that it is not interfered with 
by surrounding objects, causing it to collect more or less than the normal quan- 
tity by air currents or eddies of air. 

Size of Gauge — I have found from experiments that the size of the rain gauge 
is not essential, as a 2-inch gauge will record, approximately, the same amount 
as a 20-inch gauge, if care is taken in the small gauge by using a proper displace- 
ment measuring stick; and in the larger one to avoid placing it where the action 
of the wind would blow the rain drops out of the receiver. 

It has been asserted that rain gauges near the ground collect more than gauges 
that are raised high above the ground, but not so high as to be above the fore- 
going cloud. This, so far as the experiments made by it are concerned, is not 
correct, gauges at an elevation of 200 feet or more showing the same as those 
4 feet or 5 feet from the ground. 

The observations on rainfall in the Bureau serve to show a considerable dif- 
fa^nce in the amount recorded by gauges forty or fifty miles from Philadelphia 
at elevations 400 to 600 feet above that of Philadelphia. In Philadelphia, the 
average rainfall for twenty-nine years is about 41 inches; at Seisholtzville eleva- 
tion 870 feet (U. S. datum), the rainfall for the same period of time is 
48.6 inches; and at Doylestown, elevation 405 feet (U. S. datum), the average 
rainfall for the same period is 47.9 inches. 

Another assertion that I have often heard made is that there are certain periods 
or cycles in which observations will repeat. This, I think, is also an error, as 
there seems to be indefinite periods in which there is more or less than the normal 
average. The distribution of the rainfall throughout the year is quite available 
and it is in connection with the meteorological observations that this available 
distribution must be carefully considered in making stream flow computations. 

The average rainfall may for several years not be much below or above the 
normal, as the rainfall in the streams is most decidedly affected by the 
meteorological and available conditions, through the year. A series of errors 
which often occurs is in the measuring of the snow fall and reducing it to water. 
Various methods have been employed for doing this. The 8-inch gauges used by 
the Bureau give very good results, as they are so made that the measuring tube 
can be detached, and the snow falls into the outside reservoir and is melted into 
water by the observer. 

The snow fall in this climate often forms a large part of the rainfall. That 
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which falls upon the ground during December, January and part of February 
remains on the ground and shows in the increased stream flow during March, and 
if not carried entirely away by warm rains, produces freshets, which will gradually 
pass into the ground storage, affecting the volume of stream flow during the sum- 
mer months. 

The meteorological conditions of temperature, cloud area and humidity of 
the atmosphere play a very important part in the run off of the rainfall from the 
surface of the ground much more than many persons suppose. 

I am also of the opinion, from my own observation in connection with data 
obtained by former observers, in some cases from long series of observations, that 
the removal of the forests has not made any effect upon the total precii>itation, 
the average yearly rainfall remaining about the same from year to year. 

You must remember that the stream flow depends entirely upon the rainfall. 
All the rivers and streams are fed by springs, and the supply of the springs is the 
rainfall. That constitutes what is called the ground storage. With the excep- 
tion of freshets, the greater part of the water flowing in rivers is taken from the 
ground storage. If there is a deficiency of rainfall in the spring, fall and winter 
months, the ground storage will not fill up, and during the months of greatest 
evaporation, say, starting with May to October, if there is an excess in the amount 
of rainfall, the ground storage will decrease, followed by a corresponding de- 
crease in stream flow. 

Dr. Henry Leffmann — I wish to express my appreciation of the paper, and 
to speak of one point that has especially attracted my attention and has gratified 
me. I have for very many years been a nationahst, that is, in favor of abolish- 
ing state laws. I note that the reader of the paper has said that in the study and 
utilization of certain data, the United States authorities have made their maps 
on drainage areas, ignoring state boundaries altogether. I hope the. good work 
will go on along this line. It is, I think, evident that necessary sanitary reforms, 
such as conservation and purification of water supply and mosquito extermination, 
can be effected only by nationalization. To follow Mr. Codman*s later remarks 
on intermittent streams, I think we would be in error to assume that the under- 
ground supply is only from the immediate subsoil. I have made anal3^es of 
the waters of this region, and it is found that the so-called "deep waters*' are 
very different from the true "ground waters" which are derived from the rain 
water of the district. Deep waters are usually rich in mineral matter, especiaUy 
calcium, magnesium and iron compounds and sodium chloride, and lacking in 
nitrates, which are almost always in subsoil water. It seems to me that it is not 
at all impossible for these deep waters to supply some of the streams through 
crevices reaching to considerable depths. 

It is known that the artesian wells at Atlantic City, some of which are several 
hundred feet deep, are slightly affected by the tide, the water level rising a foot 
or so at high tide. I think that this is due to the pressure of the tidal wave upon 
the water-bearing strata. 

Mr. H. H. Quimby. — There are two classes of meterological data that have 
not received much attention this evening, and which I think are of importance 
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to the Engineer. One is the matter of wind pressure, and the other is the weight 
of snowfall. 

Many of our structures are required to resist wind pressure, and all of our 
structures have to carry the weight of snow. 

I had occasion to inquire into the question of the weight of snow that our roofs 
are liable to be subjected to, and I wrote to the Weather Bureau in this City 
for information. I have to acknowledge my gratitude to Mr. Bliss for his pains- 
taking reply to my inquiry. He gave me very complete data, not only the 
record of the amount of snowfall, but the equivalent amount of water that it 
represents. 

It may be of interest for me to say that his records went back forty years, and 
the heaviest accumulation of snow (not the heaviest single snow storm) was 
11 pounds per square foot. 

The observation of wind pressure, however, seems to me to be very unsatis- 
factory as made by the United States Observatories. So far as I know, they at- 
tempt to record only the velocity of the wind, and then some empirical rule must 
be used to convert it into pressure. I believe the measurement of the velocity 
of the wind is usually done by an instnunent — an anemometer — whose registry 
is multiplied by an arbitrary factor as a constant. It seems to me that it would 
be much easier to measure the actual pressure that the wind is exerting on a 
given surface than to measure the velocity of the wind, and I do not know why 
they do not use instruments for measuring the pressure. That is what we want 
rather than the velocity. If Mr. Bliss can give us any light on that, I think it 
will help us somewhat with the problems that come up from time to time. 

Mr. Bliss. — There have been in use at various times in the Weather Bureau, 
instruments to register the pressure of the wind, and they have not been really 
satisfactory. The best thing that is out at the present time is an instrument 
that is liable to be used at the larger stations; that is, the Dines Wind Pressure 
instrument. It is constructed in such a way that there is a sort of funnel turned 
towards the wind at all times, and the wind blows down the pipe on to a jurface 
of mercury, and the pressure is mechanically recorded on a sheet of paper which 
revolves on a cylinder. 

The gentleman is right in stating that our wind data is of no practical value 
to engineers, and therefore I steered clear of it, as I thought, tonight. We have 
had a great many inquiries, and we have a great many tables calculated from 
anemometer readings and formula, calculating the wind pressures from that. 
In the Robinson cup anemometer, there is a considerable amount of friction in 
the instrument in a long collar bearing at the upper end of the spindle. I do 
not know why the U. S. Weather Bureau has used such an instrument for so 
many years. I remember when I was up at the Washington office some little 
time ago, Dr. Marvin told me they were getting out an instrument with ball 
bearings, that will be very useful. The Robinson instrument revolves on a steel 
gear on a hard surface, so as to reduce the friction as much as possible, and at the 
top of the spindle it passes through a collar, and there is an actual collar bearing 
about an inch long. You can therefore understand that the friction there is con- 
siderable in light wind velocities, and the faster the cups go, the less that friction 
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becomes proportionally. They have tested out the anemometer friction at 
different velocities and prepared tables for it, but the wind data is very unsatis- 
factory even with that figured out, for the reason that the anemometer really 
figures nothing until you get to the end of a mile of wind movement. It is not 
the velocity of the wind for a mile of wind movement that interests you, not the 
extreme velocity for a five-minute period — I understand that — but it is the wind 
pressure during the gusts. The Dines pressure instrument shows — (where it 
has been installed in connection with the anemometers) — that the velocity of the 
wind during a storm is something more than twice the velocity during the gusts 
as compared to the steady average rate. 

You now understand that with the feeble position we are in for giving data on 
the wind, why I tried to steer clear of it, but I did not get out of it altogether. 

Mr. John C. Trautwine, Jr. — The instrument just described recalls Gauthey's 
'* pressure-plate, " which was a metal plate, suspended by one of its edges, about 
which it was left free to swing. The plate was immersed in the st^'eam, with its 
face normal to the current, and the velocity was inferred from the weight re- 
quired to keep the plate vertical in opposition to the force of the current. 

Experiments upon wind-pressure, to be of much benefit to the engineer, would 
have to be made with surfaces of a wide range, as to size and shape, and as to 
character of exposure. A very important factor, affecting the pressure at a given 
velocity, is of course the inclination of the surface to the wind direction. One of 
our engineering periodicals (''Engineering News," if I remember rightly) re- 
cently published an account of experiments on a fairly practical scale, in this 
direction. 

I heartily sympathize with Dr. Leffman's desire for the obliteration of state 
lines, or at least for their rationalization. Such lines obstruct many useful ac- 
tivities, notably that of water supply, by interposing artificial difficulties in the 
way of interstate projects. Boston and its neighboring towns have eliminated 
the unseemly scramble between such communities for water supply by organizing 
their Metropolitan Water and Sewerage Board; and I look for the time when we 
shall have our water supplies distributed by state, if not by national, instead 
of by municipal, authority. 

Mr. Bliss. — I have never heard of such an instrument being used. Until 
the Dines instrument had been tested in the Weather Bureau, the method was 
to expose a plane surface to the wind and measure the pressure by the compres- 
sion of a spring, by the movement of a balance or weight, which would be some- 
thing of a pendulum system; but the only satisfactory system has been this 
Dines instrument, and I am in hopes we wiU have one in Philadelphia before very 
long, because I realize that it furnishes the only reliable data we can get for struc- 
tural work. 

On our interstate railway time-tables, the names of the states traversed are 
commonly omitted. This indicates how little importance is attached to state- 
lines by those state-agents, the railway corporations, whose chief interest, in such 
matters, probably centers about the comparative purchasabilities of the several 
tate legislatures. 
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Mr. E. M. Nichols. — I would like to ask Mr. Bliss what is involved in this 
Dines instrument. I understand it is the official recording instrument. What 
tests have been made to prove its accuracy? 

Mr. Bliss. — That has been computed, of course, by the inventor and maker 
of the instrument. I suppose they worked it out by taking pressures by some 
other means, and the accuracy of the pressure was determined on a mercury 
surface, moving the mercury in a * * U*' tube; that pressure is more accurate than 
you can get by the compression of a spring. The action is not great, but it is 
magnified something as it would be in an aneroid barometer, and the recording 
pen is comparatively accurate. The record sheet is gauged for different velocities, 
being ruled with horizontal, parallel lines. The pen plays up and down and 
records the extreme pressure much as the aneroid indicator on the dial would 
respond to the atmospheric pressure. 

Mr. Nichols. — I suppose that is no mechanical connection between the wind 
pressure and the gauge? That is, the wind pressure acts directly upon the mer- 
cury? 

Mr. Bliss. — Directly upon the mercury. 

Mr. Cheyney. — I do not know that I can add anything to what has been said- 
I regret to state that we have not been able to collect data of our stream flows 
continuously, and on this account our records of these flows are not of much value. 
Our observation of stream flow has been confined to the driest periods only of 
the past few years. We have a number of rain gauges located at different points 
in the state, and the records obtained at these stations will in time be valuable 
as an adjunct to the government and other records which are being kept. 

I would like to ask Mr. Bliss whether he has knowledge of any records of daily 
evaporation, or knowledge of any records of evaporation at different times of the 
day. This is a matter which may be of considerable importance in getting 
correct records of stream flows if observations are not taken continuously. My 
attention was called to this a few years ago by an engineer employed by the 
Cambria Steel Company. That company make use of the Conemaugh River 
and in dry seasons practically use the entire flow of the stream. At the time men- 
tioned they observed that there was a great variation in the flow of the stream at 
different hours of the day, and an investigation of the drainage area was being 
made to ascertain, if possible, what might be causing this variation, which amount- 
ed to, as I recall it, about 40%; the measurement taken in the morning exceeding 
the evening measurement by that amount. There were no operations within 
the drainage area which would account for this great variation in flow, and the 
loss by evaporation seems to be the only way to account for the difference. 

Mr. Bliss. — The evaporation figures would seem to be extreme in this particu" 
lar case. I have known of one case where they attempted to accoimt for a 
similar problem, and it was accounted for by the stream being fed by inter- 
mittent springs which did not flow evenly. That is, they flowed stronger at one 
period of the twenty-four hours than at another. Just why, I do not know. For 
instance we do not know why geysers flow intermittently, and other ground 
waters which come to the surface. 
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Mr. Nichols.: — Do I understand you to say you do not understand the reason 
for the intermittent flow of springs? 

Mr. Bliss. — No, I am sorry to say I do not. 

Mr. Nichols. — I do not know that I do either, but when I was a boy, I used 
to think it was the syphon effect of a syphon outlet. 

Mr. Bliss. — Take a place where it varies with the time — I do not mean the 
intermittent time where it would gradually decrease for several days and then 
increase again, for we have geysers that increase for a certain length of time and 
then decrease, and perhaps stop altogether for a while. 

Mr. Nichols. — That was on account of the syphon principle which the dis- 
charge of a spring has, going up and down in the form of a syphon; as the reservoir 
filled it to the top it started to run over, and when it discharged to a point where 
the air was admitted, it would stop and permit the reservoir to fill up again 

Mr. Bliss. — I see, thank you. 

Mr. Cheyney. — The Conemaugh River at the time referred to was extremely 
low and the water was very shallow. The stream bed was filled with stones and 
boulders which projected above the water surface; probably 50% of these boulders 
being exposed to the air. The direct rays of the sun upon these boulders in the 
shallow stream undoubtedly raised the water temperature to a comparatively 
high point, and the evaporation w^as no doubt very great on this account. 

Mr. W. p. Dallett. — This same action is seen in wells that flow. I have seen 
a hydraulic ram operating on a well in Camden getting its water under pressure 
from an artesian well, and at times of new and full moon we find the pressure 
falling off and decreasing during the day in rhythm with the tide — not exactly 
the same time as the tide, but in rhythm with it, and at other times of the month 
the operation is very much less. 
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Paper No. 1120 
STEREO PHOTO SURVEYING 

By HENRY HESS 
Read February 7, 1913 

Certain work that I was engaged in some time ago developed the 
need of special optical apparatus, the design of which took me to 
Jena, to the famous Zeiss concern. Dr. Pulferich, the Chief of a 
certain section, showed me some apparatus that will, I believe, be 
of interest to all of you, and possibly more particularly to the civil 
engineers and architects among you. 

Would you be interested to know that you could take two stereo- 
scopic photographs of a building from diagonally opposite diagonal 
viewpoints and then from these, in the quietude of your office, con- 
struct as correct a ground plan as would be possible to you with the 
most careful work in the field? 

Who among you has enjoyed the experience of making surveys in 
heat and cold, in rough, broken and most difficult country? Would 
you call it a pipe dream were it suggested that all you needed was a 
camera, and that you could do most accurate plotting at your con- 
venience and with every comfort in your office from the photographs 
taken in the field? And that you could devote the open season to 
photographing every possible territory for, say a projected railway, 
and then pick out the best from plottings made in your office? 

And if you would call that a pipe dream, what would you say of a 
person who suggested that you could take photographs from moun- 
tain tops and balloons and save yourself all the troubles of climbing 
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over hills and through valleys, but instead sit comfortably n your 
office over your photographs and special apparatus and not only 
plot out your contours, but easily prove for correctness from a com- 
plete new set of observations without moving out of your office? 

Some of you are more or less interested in affairs astronomical. 
What do you say to using sim'lar apparatus for plotting and sur- 



Fia. 1. 

veying the heavens, measuring star movements and checking astro- 
nomical calculations by relati^ elj simple apparatus? 

Coming back to earth again what do jou think of an application 
of the same apparatus adapted to automatic portrait sculpture? 

But enough of questions! Results are what you want! 

This first picture is what the Zeiss people euphoniously (Fig. 1) 
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miscall a " stereophotogrammetric survey "near Ak-Kopra" made in 
1910, in connection with the Bagdad railway project. Each contour 
line represents 10 meters — 32 feet. In the original, contours were es- 
tablished for each 2 meters — 6J^ feet. The levels range from 830 
to 920 meters, 2,723 to 3,018 feet, a difference of 90 meters (295 
feet) . 

This fact, that without extra work the stereophotos give you any 
number of plotting points, is very valuable, particularly when you 
have reason to suspect an error and need a few more plotted points. 
That is the time when you would, paraphrasing the Wyomingite, 
shout to have the Photo theodolite brought your way. It was a 
Texan at the convention who spouted: "We represent the great 
State of Texas. The first white woman born in Texas is still living — 
she has now a population of over three millions!'^ Instantaneous 
was the response: "Send that woman to Wyoming — we need her!" 
This section of road is about 570 meters (1870 feet) long. The photo- 
graphic survey was made from five stations. 

We have next a topographic survey of some mountains near Jena 
(Fig. 2) and above that one of the stereophotographs. 

The study of glacier movements and changes has engaged the at- 
tention of many geographers and climatologists. The Austrian 
Government is engaged in the work of charting certain glaciers from 
time to time as a basis for this study. That work is facilitated and 
made less costly by this photographic method of surveying, which 
has the great advantage of not calling for the physical presence of 
surveyor or assistant at inaccessible points. Provided only that 
stereoscopic photographs can be made of them, the most naccessible 
cUffs yield their contours as readily as a flat meadow. 

This color slide is a reproduction of the stereophotogranun (Fig. 3) 
of the Goldberg Glacier and the surrounding mountains as published 
by the Austrian Military Geographic Institute. This color trans- 
parency, by the way, has been made by the latest development of 
the Ives process of color photography that I was privileged to an- 
nounce as on the way in my address of about a year ago. 

You will recognize the upper portion of this picture as (Fig. 4) a 
distant view of a fleet of war vessels. Should you consider it possible 
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to accurately locate the instantaneous position of every one of these- 
vessels, moving at speed, and to so locate each from aboard a vessel 
passing at speed at some distance? The answer is in the horizontal 
plot, which shows not only the position of each vessel, but also the 
direction of the wind. This was made possible by the use of stereo- 
photo theodolites on board the passing vessel. 

Of what avail the elaborate precautions military authorities take 
against the harmless amateur with his "Kodak" when a vessel 
steaming by at a distance can accurately survey an entire coast range 
and locate in detail every coast fortification? 

This picture, which was taken in Kiel Bay, recalls to my mind a 
wave contour map of that harbor. 

Have any of you ever tried to take a picture of a wriggling baby? 
Probably not, but some there are among you, who, of course solely in 
response to Rooseveltian promptings, have manfully done your duty 
and have then, to carry proof of your success to your suffering friends, 
helped your proven better half and the photographer with dangling 
teddy bears to charm the in "ant hope to sedateness of behavior, at 
least long enough for the camera man to shoot. 

Now what would you do when confronted with the task of charm- 
ing the wild waves to allow you to make a contour map of the face 
of Mother Ocean? You would give it up unless you knew of " Pho- 
tostereogrammetry, " and then you would take a stereosnapshot and 
do your plotting comfortably at home in the companionship of your 
pipe instead of a teddy bear. 

I was sho^Ti a contour map of the waves in Kiel harbor made in 
connection with a study and systematic gathering of data for the 
bu Iding of an extensive system of harbor improvements. 

A while back I referred to architectural surveys The slide shows 
two stereophotos, of which two pair were taken (Fig. 5) to form the 
basis for plotting the ground plan and elevation of the building. Now 
from these two stereophotographs, the upper the left, the lower the 
right hand one, there were plotted the front elevation and plan of 
the build ng and grounds on this next slide. (Fig. 6) A checking by 
actual measurements in the ordinary way showed average differences 
of only 3 cm. +, about IH in., in elevation and in ground plan. 
This compares well with the probable error as calculated from the 
characteristics of the lenses and the base line of 4.58 meters (15 ft.)- 
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This slide shows the Peoples Buildingof the Carl (Fig, 7) Zeiss Foun- 
dation in Jena. The g;roun<l plan was plotted from two sots of stereo- 
photos. This Zeiss establishment is a rather socialistic affair. Onee 
a workman is in its employ for two years he cannot be discharged for 
any reason unless given a sum equal to a certain number of years' 
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full pay. Its officials are employed for life. They also caimot be 
discharged, although they may leave if they wish to. Among these 
officials are a number of scientific co-workers of the first rank as in- 
vestigators, such as, to mention only a few of the forty or more, Dr. 
Schott, to whom the world is indebted for the celebrated Jena glasses, 
known to astronomers, oculists, microscopists and chemists; Dr. 
Siedentoph, whose origination of the ultra microscope has made 
visble and almost measurable the ultimate atom of matter; Dr. 
Pulferich, who has developed these photo theodolites and related 
instruments and many more. This establishment justly prides itself 
on having proven the baselessness of the oft repeated assertion that 
socialistic co-operative work must lack the incentive to be found in 
the prospective greater gain of individualistic effort. From the Zeiss 
establishment has come much of the advance in its field of optics and 
optical apparatus and out of its portals issues the best of work, in 
some details imequalled work; it is but fair to the far-sighted projec- 
tor of the enterprise. Dr. Abbe, who placed it on its communistic 
basis, to believe with him, that the inherent tendency of man to do 
the best work that is in him would be furthered rather than held 
back, by placing mankind under conditions where it could concen- 
trate on its work rather than on the questions of next day's or next 
year's means of living. 

You will recognize the main portion of this picture as a portrait. 
(Fig. 8) It was drawn by the laying down of contour lines from a set 
of stereo photographs, all determined by exactly the same methods in 
use for topographical surveying. The field here is a portrait bust of 
Moltke and the topographical levels differ by fractions of an inch 
only. A portrait bust was selected as a test specimen because it 
permitted of accurate measurements by other methods. No errors 
exceeding 1-32 in. were found. Note the profile at the side and the 
horizontal sections at nose and forehead levels. Dr. Pulferich 
showed me a portrait, bust that he himself made of Mrs. Pulferich in 
almost life size. As I was told by others also that his lady was satis- 
fied with it, that satisfaction would be accepted by your wives and 
sweethearts as fair evidence of the quality of the work. The method 
followed is the building up of the entire bust from profile planes and 
fairing these by filling in the steps. A process very similar to that 
followed by the builder of ships models from horizontal and trans- 
verse section contours. 
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A pantographic apparatus carrying milling cutters and guided by 
the stereophotographs is, 1 believe, in contemplation for portrait 
sculpture. When it is out, we will all be able not only to "kodak" 
our nearest and dearest, but to "stereoscope" them as well. 



isx:: 




Fig. 8. 

The camera required does not differ in principle from the ordinary 
stereoscopic camera; naturally it is constructed with far greater pre- 
cision. To go into the details would lead us too far. 

The Stereo-Comparator, however, with which the plates are ex- 
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plorcd and the survey measurements made on these plates is prob- 
ably of sufficient novelty to earn me your pardon for taking up a 
little more of your time. 

This slide illustrates two stereograms of a building. (Fig. 9) The 
horizontal line crossing both establishes the altitude base line. Some 
of you have your surveying days so far behind you that you may need 

a little freshener as to such terms as 
— "altitude." The latest definition is 
brought down to the imderstanding 
of the youngest Junior before me, 
proud of the first pinfeather pricks 
on those lips that let us hope are as 
virginal as those of the erstwhile 
prophet Dowie's unkissed son. It 
was at an aviation meet that a 
youngster athirst for knowledge ad- 
dressed to the blue-coated guardian: 
"Say, is "it the altitude prize they're 
trying for now?'' "Altitude, hell! 
It's the height prize." But to 
return to our slide: The vertical 
lines are a distance apart equal to 
the distance between the centers of 
the two lenses. Thus they represent 
vertical planes in parallel lines of 
sight placed edgewise and normal to 
the base Une. 

Now note the tower points 
pi and p2. They are at different 
distances from the reference verti- 
cals. This difference is proportional 
to their distance from the observ- 
ing station. The geometry is made 
clear by an inspection of the horizontal plane diagram. I and II are 
the two lenses or observing stations, N M N is the distant plane in 
which the tower lies, ff are the parallel lines of sight and P is the tower 
point; ti and ti are the two photographic plates on which appear 
reduced images of the field of view, in this case the building. A line 
of sight from I to the tower in the distant field NN will intersect the 
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left hand plate at distance Xi from the normal or reference Ime f; 
on the right hand plate the intersection is at the much shorter dis- 
tance X2. A Uttle consideration will show that the difference be- 
tween Xi and X2 is proportional to the distance of the tower from 
the observer. In order to measure the distance from the observer, 
it is therefore only necessary to measure the difference between 
points pi and p2 on the two plates from the reference vertical. 

In the field the surveyor's tape Une is used to make measurements 
and a division into inch units is close enough. But now the two 
plates constitute a miniatural field, and this must be explored with a 
similar, but miniature tape line, in which fractions of a thousandth 
of an inch are the units. That means micrometric measurements. 
It is here that the stereo-comparator comes in. This is a binocular 
microscope conveniently arranged for the specific purpose. 

Consider this slide which you will recognize as a rough perspec- 
tive arrangement of the last one. (Fig. 10) A M and A M is a double 
reflecting microscopic system, arranged like the ordinary stereoscope, 
n which latter, as you are all aware, the two pictures will appear as 
one, no longer as a flat picture, but showing the object in relief. 
The only purpose in substituting a microscope system for the ordi- 
nary simple superposing system of the conmion stereoscope is to se- 
cure enlargement that will permit the making of measurements. 
The two plates are placed in a frame and so aligned that the hori- 
zontal and the two verticals Une up with lines fixed in the plane. In 
a second frame there are two pointers Mi and M2 at a fixed distance 
from one another equal to the distance between the reference verti- 
cals. These pointers are movable in the direction, and only in the 
direction, of these reference verticals. The two pictures will appear 
as one and the two pointers will also appear as one pointer, which 
will however apparently lie in the infinite distance behind the building. 

Now move the plate frame crosswise by means of micrometer S. 
This will give the appearance not of a movement of the plate, but 
apparently the pointer M will come forward out of space toward the 
buliding. The plate movement is continued until the pointer is 
apparently directed over the tower point. A reading is then taken 
of the micrometer and this reading is proportional to the desired 
distance of the tower from the observer. Similarly the position of 
any other portion of the object is found, with reference both to the 
horizontal and the vertical base lines. 
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I have here a stereoscope with a measuring frame illustratii^ this 
principle, which you can inspect later on in the evening. 

This measuring frame is placed on the stereoscope illustrating the 
principle is shown by this slide. (Fig. 11) You will recognize the two 
lenses and the stereo pictures contained in the circular outlines. 
The frame with the pointers and the micrometer screw are all easily 
recognizable. This simple apparatus refined with the necessary 



microscopes and micrometers takes on the appearance shown by 
this slide. Pi and P2 are the two plates or pictures reflected by 
prisms K| and K2 to the eye pieces Oi and O2 of the binocular micro- 
scope. (Fig. 12} Scales and verniers X and Y serve for setting the 
pictures in accordance nith the baseline and range lengths, while 
micrometer wheel L serves for the exploration with the pointer and 
the reading of the plotting point relative locations in space. 
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The fairxTas are of many varieties suited to the work in hand. 
This slide shows in section a field photo theodolite, sueli as is used for 
photographic surveying. (Fig. 13) For moving objects, two such instru- 
ments a fixed distance apart are used with plates simultaneously 
exposed. For stationary objects or very long base lines a single 
instrument will usually be transported from one observation point 
to the next. Naturally the longer the base line, the more accurate 
the results, just as in survej' work using the older methods. 

In this connection these stereograms of Saturn may prove of in- 
terest. (Fig. 14) On the screen the two pictures simply show a lot of 
bright specks on a dark ground. A close inspection will show that 
some of the specks occupy relatively different positions. F^ch 
speck is a star; those that are fixed are so far away that no change 
in uheii- velaiive position is observable. The pho-;,ogi'aphei-, after 
takii^ his first picture, had to shift his base 96 million miles for his 
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second; and he found it easy to get therein just 23}^ hours by usii^ 
old Mother Earth instead of a " Ford, " she moving just that distance 
in that time relatively to Saturn. If, later, you will look at this 
slide in the stereoscope, you will see Saturn afloat in the hollow dome 
of the fixed stars with his moons before and behind him and many 
lesser luminaries suspended in space at various distances. Stereo- 
photographs quite similar to these, but taken at intervals of years 
and corresponding base lines of thousands of millions of miles are now 
beii^ used to measure astronomical distances and motions and to- 
check and correct the mathematical determinations. 
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While the astronomer thus uses the apparatus for his enormous 
interstellar distances and the surveyor for his ordinary earth surface 
mensuration, the same apparatus is equally applicable to the mea- 
surement of the almost infinitesimal. It was a problem of the latter 
kind that brought it to my attention. I wanted to determine ac- 
curately the change in shape of a ball when loaded; not simply the 
reduction in diameter in one direction and the increase in diameter 
normal to that, but the slight change in the entire cross section and 
under such light loads as permitted of elastic recovery. That meant 
the photographing of the ball at intervals while under load and while 
recovering on removal of the load. That involved also great photo- 
graphic diflSculties in securing a sharp silhouette for the two stereo- 
scopic pictures necessary for each successive exposure, sharp enough 
to permit the measurement of changes of shape less than a twenty 
thousandth part of an inch. Dr. Pulferich of Zeiss at first declined 
the job as impossible, but did finally arrive at a solution with the 
aid of a slightly modified stereo-comparator. 

I thank you for your attention and hope that I may have aroused 
your interest in an apparatus that deals with the mile multiplied 
thousands of miUions of times and as readily subdivides the mile 
into thousands of milUons of measured parts. 

Now, some of you count their most pleasant recollections the days 
when they were out with the boys in the untrammeled wilds, toting 
a rod, or as they tell it now, squinting through the telescope. You 
will object to thus substituting the soulless and unromantic camera, 
but there is always a conamon ground on which two men having the 
most diverse experience and opinions are at one. Witness the fellow 
who disagreed with the "heart to heart" column editor in insisting 
that elopements never could turn out happily and insisted that they 
did because his elopement was still the cause of his enduring joy in 
life; his neighbor agreed most heartily, saying that he too had found 
no end of happiness, quiet, comfort and joy, when his wife eloped with 
another chap. 

A year ago I was privileged to address you and I used that occasion 
to ring in two subjects on you just as I did tonight what between the 
opening part on the Affairs of our Club and this closing part on the 
Stenogram. 

Possibly I would not have been content with that, for I do dearly 
love to get a chance to talk where no one can decently choke me off, 
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but I was afraid that my successor in the chair might remember the 
story of Levy's wife. For fear that he might tell it in the discussion 
that will soon be opened for your getting back at me, I shall tell it 
myself. 

Levy was a noted conductor who believed in Bull Moose families 
long before the great Bull Moose bellowed through the land. One 
evening when his baton was in full swing a boy jumped out from 
xmder the stage with: **Misther Levy, Misther Levy! Your woif 
has just had a baby!" **The Lord be praised," said Levy, still 
waving his baton. Soon the boy popped up again. This time the 
baton wabbled a bit under its wielder. "Is there anything wrong, 
boy?" Well, Missis Levy's had another baby!" This time. Levy 
dropped his baton, shouting: "It's high time I got there and put a 
stop to the performance!" 
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{Copied from The Philadelphia Photographer of December. 1866). 

SURVEYING BY PHOTOGRAPHY* 

By Benj. Smith Lyman 

The interesting paper in the November number of the Photo- 
grapher^ by Dr. H. Vogei, on some modes of applying photography 
to surveying, makes me wish to suggest one or two other methods 
' of such an application, that occurred to me three months ago. 

These methods would be especially adapted to the panoramic 
apparatus described by Dr. Vogel, but could be used, with easily 
made corrections, ^^^th lenses, like the Globe and the Zentmayer, 
that give a wide flat field. The camera should be fitted with spirit- 
levels; and so adjusted that after the exposure, a vertical and a 
horizontal fine passing through the optical axis, can be drawn with 
a fine point on the collodion film, by the help of a little apparatus that 
marks the ends of the two lines, while the plate is in the camera. 
The adustment of this apparatus to the optical axis would be similar 
to that of the cross hairs in the surveyor's telescope. Then, if it is 
desired to take but one photographic view, a large number of rods, 
say ten feet long, must be provided, painted black and white in al- 
ternate feet; and these must be set up at the important points in the 
landscape. It is plain, that in the picture, these rods will appear of 
different lengths according to their distance. They can be measured 
by a micrometer, either their full length or such a number of feet on 
them., as may be left visible by the vegetation or other obstacles, and 
also the distance from their base to the vertical and horizontal lines. 
The measurement of the length gives the distance of each point from 
the camera, reckoning the diminution in size proportionate to the 
distance. The distance, then, from the vertical line in the picture, 

* Your Publi«ation Committee thought that this article might be of interest 
to the members, as it shows that Photo-surveying has been thought of for some- 
years, hence its appearance with Mr. Hess' Paper. 
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•divided by the length of a foot on the pictures of a rod, gives the real 
distance in fact of the point from tne vertical plane of the optical 
axis. With the distances from the observer and from this plane, 
the different points can be plotted on paper. Moreover, the level 
of each point can be determined in the same way, by the distance 
measured on the picture from the horizontal line. 

In case the panora:tnic apparatus were not used, the measurements 
made at a distance from the centre of the plate could be corrected by 
coefficients theoretically or experimentally determined; or they could 
be mechanically corrected in plotting. For the increased size of 
the objects at a distance from the centre, and their consequent 
greater apparent nearness could be corrected for the direction 
parallel to that axis from a line drawn through the cainera station, 
at right angles to the optical axis, instead of measuring from the 
camera direct. Or both micrometric measurements mav be corrected 
by plotting the two uncorrected distances from the cainera, and from 
the line representing the vertical plane of the optical axis, and then 
producing the line from the camera, until it reaches a distance from 
the line drawn through the camera station at right angles with the 
optical axis, equal to the uncorrected camera distance. 

The trouble of making and setting so many rods, and the danger 
of omitting to set them at points that may prove to be important, 
may be avoided by taking two views. A base line of ten, twenty, 
fifty or any other number of feet must be carefully measured, and a 
camera placed at each end of this line, with the optical axis at right 
angles with it, so that the two views shall be exactly parallel. The 
parallelism may be accomplished through a pair of sights accurately 
adjusted upon the camera, by which you may sight, from the station 
at one end of the line, at a plumb line held over the other station. 
Or a line of indefinite length, fifty or a hundred feet or more, may be 
laid ofT by the help of other instruments, at right angles with the base 
line from each end of it, in the direction of the views, and the camera 
may then be so set, that rods placed at the far end of these lines, 
shall, in each view respectively, send their image upon the vertical 
line of the glass plate. With two views taken in this way, the dis- 
tance of each object in the landscape can be measured by a micro- 
meter from the cross lines on the plate; and the difference between 
the two measurements to the vertical line in the two pictures would 
give the apparent length of the base line, ten, twenty, or fifty feet. 
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at the distance of the object forward from the camera. This length 
would be inversely proportioned to the distance, and this distance 
could then be plotted in a direction at right angles with a line re- 
presenting the base line. Then the distance of the object on the pic- 
ture, from one of the vertical lines, divided by the apparent length 
of the base line, would give the plotting distance to be measured off 
parallel to the base line, from the point on the paper just obtained. 
The plotting, then, would be done by means of two rectangular co- 
ordinates, the ordinates and abscissa; the apparent length of the base 
line at the distance of the object, giving one co-ordinate, and the 
micrometrically measured distance of the object from the vertical 
line, divided by the apparent length of the base, giving the other 
co-ordinate. The level may be got in a way similar to this last- 
mentioned co-ordinate, by measuring the distance fronl the hori- 
zontal cross-line, and dividing by the apparent length of the base. 

If the panoramic apparatus be not used, corrections of the mea- 
surements must be made in the same way as mentioned already for 
the method with a single view, either by a coefficient or by mechanical 
construction. After plotting a point without correction, a line may 
be drawn through it from the intersection of the two cross-lines on the 
paper (the base line and the one representing the optical axis), and 
prolonged until it reaches a distance from the base line produced 
equal to the distance of the point from the intersection of the cross- 
lines. 

It is evident that the base line may be made vertical as well as 
horizontal; that is, the two pictures may be taken, one a certain dis- 
tance exactly above the other, as, for example, from the upper and 
lower windows of a house. 

Of course, the larger the pictures the greater the distance to which 
the measurements can be carried with accuracy. 

Although paper copies of the pictures would be unfit for making 
the measurements, yet they would be useful for keeping a register 
of the measurements made on the glass plates. 

These photographic methods of surveying would plainly be applic- 
able chiefly in an open country, but in a wooded region lines might 
sometimes be cut through the woods and marked by rods, as in the 
first method, and yet time and labor be saved to the surveyor. 

Philadelphia, Nov. 11th, 1866. 
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Paper No. 1121 
THE PLANNING OF CITY STREETS 

By B. ANTRIM HALDEMAN 

Assistant Engineer, Bureau of Surveys 

Read December 7. 19J2 

The average citizen, and even the citizen who takes an active 
interest in public aflfairs, seems to give but little thought to the street 
system; he accepts, without question, whatever is provided, whether 
the streets be wide or narrow and whether the general scheme be a 
wise or wasteful one; he is perhaps justified in his indifference and 
saves the planner embarrassment by it since even the authors of the 
plans themselves seem to have only a hazy suspicion of the import- 
ance of the work and perform it in a purely perfunctory manner 
without pausing to ask or answer the pertinent query *'why are 
these certain arbitrary widths and cross-sections established?" or, 
if the query does suggest itself, reply to it without any serious at- 
tempt to investigate or analyze the problem; this seems to have been 
the case in the past as witness the extremes of street planning — 
Boston with its irregular system of streets averaging less than fifty 
feet in width and Salt Lake City with its severely regular system of 
streets one hundred and thirty-two feet in width, and between these 
extremes every scheme that can suggest itself to the mind of man. 

The statement that the planning of a city's street system is the 
most important problem municipal engineers are called upon to 
solve is one which would probably challenge immediate denial on the 
part of those members of the profession whose minds are absorbed 
in the study of water supply, sewerage disposal, transportation, and 
harbor improvements, but when the subject is viewed at close range, 
with all the complex conditions surrounding it and all the varied 
interests depending upon it, the statement may be found to contain 
a large element of truth. 

The expenditures for the construction and maintenance of streets 
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are among the largest items in the municipal budget and the invest- 
ment is one which can return no direct profits. The street enters con- 
stantly and intimately into the daily life of the citizen and is abso- 
lutely necessary to his comfort and convenience; the economical 
construction, maintenance, and operation of every other public 
utility depends upon the street, but none of them receive so little 
really intelligent thought or skilful attention and in none of them is 
there a larger opportunity, or one more neglected, for the practical 
exercise of economy; the most expert engineering skill is called to the 
planning of other public works but the panning of the street s>^stem, 
unt 1 quite recent years, has generally been done in a perfunctory 
manner by the municipal officers charged with the duty or left to 
the tender mercies of the real estate operator; long established custom 
or the force of habit have controlled in the one instance and personal 
interest in the other. 

With the rapid growth of our cities, a growth that shows little 
sign of abating notwithstanding constant pleas to the people to turn 
back to the country, and the ever widening circle carrying urban 
development over large areas each year, the cost of street opening 
and improvement under the arbitrary and unscientific methods of 
operation which have heretofore prevailed has become a s3rious 
problem which calls for solution along more deliberate, rational, and 
economic Hnes. 

But this problem could not be forever ignored in the march of 
modern progress and a new era in this important branch of municipal 
engineering has dawned; examples have been set of practical, pro- 
gressive, premeditated town planning and a new, modem school of 
town planners is growing up and making its influence felt. Town 
planning is not a new science, for it has been practiced to some ex- 
tent by wealthy and luxurious nations for centuries, but it has been 
lost sight of and neglected in the intense industrialism and commer- 
cialism of the Nineteenth Century; the wealth created by this in- 
dustrialism and commercialism has brought with it the desire for 
finer cities, more attractive environment, and better, easier, more 
comfortable, and more healthful conditions of living; and not only 
the desire, but the necessity, for the wealthy will naturally surround 
themselves with luxuries, and, remembering the fate of luxurious 
nations that have had their rise and fall in the past, the raising of the 
standard of life and Uving among all classes of the people has become 
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a social and economic problem of vital importance in maintaining 
national character and in perpetuating national identity. 

' Modem, scientific methods of street planning have been employed 
to a much greater extent abroad than they have in the United States. 
The Germans have been ver>' industrious and ver>' ingenious in 
adopting advanced principles in rebuilding and extending their cities, 
and have \^Titten voluminously of their theories and practices; in 
England, Parliament has created a general Town Planning Act; 
much creditable work has been accomplished and some of the uni- 
versities have added a course n town planning and civic design to 
their curricula; some of the best books on the subject have been 
produced by English authors; America is awakening to the advantages 
to be derived from more skillful planning, as is shown b}' thenimiber of 
towns and cities which have employed specialists to sugges tchanges 
and improvements; an Act of Assembly of the Conunonwealth of 
Pennsylvania approved June 10, 1911, authorizes the creation of a 
Department of City Planning in cities of the second class; a ci^dl 
service examination for a town planning engineer was held in the 
city of Newark, New Jersey, a short time ago, and it is entirely prob- 
able that this will become a special branch of municipal engineering 
in all our cities. 

The planning of streets is the first, if not the most important, 
problem in the origin and growth of cities. The very first step in 
the creation of a town or city is the preparation of a plan of its 
streets, for without streets, or public passageways serving as such, 
there could be no city; therefore, the streets may fairly be considered 
the foundation upon which the city, with all its countless activities, 
rests, and unless the foundation shall be properly proportioned and 
constructed the structure reared upon it will be subject to the con- 
stant menace of failure, decay and ruin. Every engineer will admit 
that the stability and the durab lity of the structure he erects de- 
pends upon the integrity of the foundations beneath it; therefore, 
the modern city, being the greatest and most comprehensive of the 
works of man, representing in its purposes and its accomplishments 
the ambitions and the triumphs of human energy along every avenue 
of science, industry and art, should have a foundation broad enough, 
and sound enough, and substantial enough to bear the ever increasing 
burdens the passing years lay upon it. 
The large mportance of the street lies in the fact that the entire 
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system of transportation throughout the city depends upon it, that 
it 18 a controlling element in the development of property and the 
making of the homes of the people, and that it is the principal factor 
in encouraging and promoting the physical expression of cine art. 

In approaching the subject of street planning it may be well to 
digress a moment and consider briefly and in a broad sense that most 
important agency of modem progress — transportation — for trans- 
portation and the street are as inseparable as they are indispensable 
in the working out of a city's destiny. The dictionarj- defines trans- 
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portation as "the act of conveying;" very simple and very plain, 
but the ramifications involved in this definition are almost infinite; 
it embraces every act or agency by which any object or substance 
is conveyed from place to place ; applied to the street it includes every 
means of conveyance under, upon, or above the surface. 

In ancient times the strength of nations and the greatness of cities 
depended on the sagacity and skill of the people in the use of the 
arts and implements of war; in these modem times the strength of 
nations and the greatness of cities depends upon the sagacity and 
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skill of the people in the use of the arts and implements of industry; 
industrialism is the impulse of the age and successful industrialism 
stands and grows on the sole basis of transportation; without trans- 
portafon industrj' is localized but with it it penetrates every comer 
of the globe. 

The power and wealth of Britain are not built upon her Dread- 
noughts so m.uch as upon her fleets which carry the world's commerce; 
London is great because from time immemorial she has pushed her 
lines of transportation over all the earth; transportation has made 
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New York the most wonderful city of the world, and in three quarters 
of a century it has transformed an open prairie into the second city 
of America. The tremendous development and prosperity of the 
United States ha.s been made possible only through the swift improve- 
ment and adaptation of the methods of transportation. Changes 
have been most remarkable during the past quarter of a centurj'; 
the older trunk line railroatls have been practically rebuilt; enormous 
sums have been expended in reducing curves and grades and in other 
measiires to permit large increases in weights, loads, and speed of 
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trains; large and swift electric cars have taken the place of the small, 
slow, horse cars, and have brought the country much closer to the city; 
the surface car has been supplemented by the elevated and the under- 
ground; the motor car and the motor truck, in constantly increasing 
numbers, are rapidly superseding horse drawn vehicles; upon the 
water the oar and the sail have given way to the power boat; the 
great clipper ships which once carried the world's commerce knew 
but a comparatively brief existence and have been succeeded by the 
huge steel steamship driven by a new type of engine superseding a 
type which, like the clipper ship, failed to meet the highest require- 
ment of marine serivce; should the present experiments in aerial 
navigation result in the adaptation of the air-ship, to practical uses 
it will have a more far-reaching effect upon transportation than any 
other influence now at work. 

These highly progressive methods of transportation have been 
brought about by the compelling influence of industry and trade, 
ever seeking for new business and broader fields of enterprise; they 
are the symbols of progress in every nation and ever>' community, 
and unless ample opportunity is offered for their adoption and use, 
the aggressive industrialism necessary to the prosperity of the modern 
state cannot thrive or reach its full development. 

Speed, so far as it may accomplish the annihilation of time and 
distance, is one of the chief objects sought in improving transporta- 
tion. Time spent in travel or transit is reckoned a dead loss in the 
economy of modern business and the demand for the elimination of 
this element of loss, or its reduction to a minimum, is responsible 
for the phenomenal development and popularity of the limited ex- 
press, the express steamship, the fast freight, the motor vehicle, the 
telegraph and the telephone. 

Getting back to the subject — the chief mission of the street is to 
provide adequate facilities for the untrammeled movement of the 
people and the circulation of every form of service necessary to their 
industrial activities, their comfort, and their convenience, and the 
real test of the efficiency of a street system is the facility with which 
transportation, *'the act of conveying," may be conducted through- 
out all parts of a city; for direct, rapid and unobstructed means of 
communication are as necessary to the progressive development of a 
city and its industrial and commercial enterprises as direct, rapid 
and unobstructed means of transportation are to the trade and com- 
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merce of the world; therefore, the requirements of every form of 
urban and interurban transportation, present and prospective, must 
receive first consideration in any plan of streets. 

Once established and built upon, the street becomes more nearly 
permanent than any other feature of the city. Assuming that the 
present era of peace and industrial enterprises will continue indefi- 
nitely, the passing of time may witness the demolition and reconstruc- 
tion, one by one, of all existing business, methods of trade and trans- 
portation may be revolutionized, buildings and social customs may be 
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transformed, the forms and methods of every class of public service 
necessary to the health, comfort and convenience of the people may 
change, the people themselves may have new ambitions, new ideals 
and new activities; the tendency of all these changes will be to in- 
crease the usefulness and importance of the public highways, but no 
matter what changes come, or what new demand supon it may be made, 
BO long as the city endures the street system will ofTer the strong- 
est resistance to the processes of transformation; its evils will be most 
difficult to reform and opportunities for its improvement will become 
ewer as the years pass away; therefore, the best judgment and skill 
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and the keenest foresight of the probable future usefulness of the 
street should be called to its original planning. 

In addition to the importance of the street as the channel through 
which the industrial and social activities of the city flow there are 
other lai^e considerations which must not be neglected. Intelligent 
thought and care must be exercised in providing opportunities for 
the advantageous and economical development of abutting property 
for either public or private use, and the probable character of such 
development should have a large influence, but should not be per- 
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mitted to subordinate the larger purpose of public usefulness. Aes- 
thetic effect, or the oppo.rtunity for attractive and ornate develop- 
ment, must also receive attention, for the tendency of the education 
and training of the present is toward higher ideab and a larger ap- 
preciation of art and beauty in all our surroundings. 

Almost invariably the street system of a new town has been pre- 
pared by or for a proprietor or proprietary corporation and the site 
has been selected for the promotion of some commercial, industrial, 
or social enterprise. The plan adopted has usually provided only 
for the development of a limited area with little regard for future 
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expansion; if the enterprise proved successful the town gradually 
grew beyond the original limits of the plan and the owners of adjacent 
property began to lay out streets ami subdivide their land, sometimes 
in conformity with the original plan, but more often in the manner 
most advantageous to their own immediate purposes and profits 
without regard for any existing system or future exigency, it is 
just here that the evils of careless, irresponsible, and ill-considered 
street planning beg'n to take root unless there shall be some public 
body with sufficient authority, foresight and skill to control and 



direct the planning of extensions with due regard for public service 
as well as private rights. 

In view of the progress that has already been made in scientific 
street planning and the general recognition of its merits, it is entirely 
probable that the best skill available will hereafter be employed in 
planning new towns, especially those established under such cir- 
cumstances as give a reasonable guarantee of considerable future 
growth and importance, but our immediate attention should be 
directed toward the belter planning of the extensions of the street 
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systems of our rapidly growing cities and of the detached suburban 
town sites which are being developed near them. 

There is a very positive movement in the great cities of both 
America and Europe to discourage the increase of apartment and 
tenement houses, to reduce the tendency toward congestion of popu- 
lation by spreading it over the suburban areas, and to get people, 
particularly the working people and those of only modest means who 
now live in tenements, out into the open and closer to nature. The 
.success of this movement depends primarily upon two conditions — 
the economical development of property to insure reasonalile values 



-for home sites, and direct and cheap transportation to enable the 
people to be carried quickly between their homes and their places 
of employment or business. In Philadelphia, the conditions are 
reversed to the extent that we neetl fair land values and better trans- 
portation facilities to perpetuate the present system of one family 
houses and prevent the growth of the tenement system of living; in 
both instances, however, the object aimed at can only be accomplished 
by a more complete public control of the development of property 
and a more intelligent exercise of the street planning power. The 
abandonment of the apartment and tenement house in favor of the 
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one family house built with a larger regard for light, air and hygienic 
conditions means larger building lots and more open space in our 
cities, and this, in turn, will necessitate the exercise of greater economy 
in street planning, and especially in the distribution of paved areas 
upon m nor and residential streets. 

The first problem which should be considered in plotting a street 
system is the establishment of main traffic routes. A town or city 
is usually the commercial and ilistributing center of a lar^ area 
tributary to it. Philadelphia is the local center of an area having 
a radius of at least fifty miles; that is, more or less of the traffic within 



that area centers in the city, its intensity increasing as the center is 
approached, and all this traffic wants to reach its destination by the 
most direct routes; other towns within that radius are secondary 
centers having, or needing, direct routes connecting them with each 
other and with the chief center; these routes began to be established 
as soon as the first settlements were made and increased in number 
and importance as the settlements prospered; they were natural 
routes; at first forest trails, then wagon roads, then post roads and 
turn pikes, and now carrying fast motor traffic and high speed elec- 
tric lines, yet many of them are no wider and very little better than 
when they were first laid out. 
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Tbese old roads which grew up in the early days to meet the needs 
of travel formed fairly direct lines from one village to another and 
connected all with an important trade center. There are at least 
ten such roads radiating from Philadelphia, not counting those upon 
the New Jersey side of the Delaware rivery which occupy strategic 
locations and have from their very beginning been traffic highways 
of the first class; this fact should long ago have suggested the desira- 
bility of increasing their width in order that they might better fulfill 
their functions in the future. 
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There is no indication of any falling off in the percentage of in- 
crease of population in the more progressive industrial and commercial 
communities, and the doubling of the population in such cities as 
New York, Chicago, Philadelphia and Boston within the next thirty 
or forty years means that wiser provision must be made for caring 
for the general increase of traffic such an increase of population will 
bring, for this new population will spread over large areas which 
are now suburban or rural and will no doubt greatly influence the 
growth of nearby towns. 

To provide properly for the transportation, both public and pri- 
vate, necessary for the service of the great urban populations of the 



156 Haldeman — The Planning of City Streets. 

future, existing main traffic routes should be protected and measures 
for increasing their capacity as the need arises should be adopted; 
direct routes between important centers of population and industry 
should be established where none now exist and all of these should 
be planned with generous widths and easy grades. 

Classification and standardization have been suggested by some 
progressive planners as an aid in simplifying the work of street 
planning and has met with some approval; the number of classes 
and standards proposed vary greatly, according to individual opinion 
or the seeming need of the city to which they are to be applied; those 
of Washington, a residential city, are quite simple and appear to 
be well adapted to a city of that particular class; they are — 

Main thoroughfares 160 feet. 

Secondary thoroughfares 120 feet. 

Local streets 60 to 90 feet. 

These are widths between building lines. This is the simplest 
form that has been suggested, but it is scarcely adaptable to an in- 
dustrial city ; the widths are greater than would be economical where 
a city builds up closely with small houses, as in Philadelphia. 

Many German cities have adopted standards which are so elastic 
that the term seems a misnomer; they are — 

In first class cities. 

Main thoroughfares Over 95 feet. 

Secondarj*^ thoroughfares 65 to 95 feet. 

Local streets 40 to 65 feet. 

In second class cities. 

Main thoroughfares Over 85 feet. 

Secondary thoroughfares 50 to 85 feet. 

Local streets 33 to 50 feet. 

There are many streets of from 100 to 200 feet in width in the big 
cities of Germany, the people of which live almost entirely in apart- 
ments or tenements, and this method of living makes wide streets 
almost necessary from the viewpoint of both economy and hygiene. 
Efforts are now being made in many of these German cities to es- 
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tablish the system of one family house, and this is having an influence 
on street widths. 

The London Traffic Commission recommended five classes of 
streets for that city — 

Main avenues 140 feet. 

First class arterial streets 100 feet. 

Second class streets 80 feet. 

Third class streets 60 feet. 

Fourth class streets 40 or 50 feet. 

If a classification is to be of any great benefit the number of classes 
and the number of clear widths in each class should be reduced to 
the least possible, and for the purpose of this paper the following are 
suggested — 

Main traffic streets 110 or 150 feet. 

Secondary traffic streets 88 feet. 

Residential streets 52 or 64 feet. 

These seemingly irregular widths are based on suggested standard 
units of width for lines of vehicles, pedestrians, and planting spaces, 
the scheme of which will be explained further on; they are between 
building lines and should be subdivided in such manner as to give 
the least width of paving required for traffic, the remainder being 
made grass plot. Parkways, or streets intended to combine the 
uses of a traffic route and a parkway, should form another class and 
their widths should be subject to special study. 

It is recommended that new or existing streets should not be opened 
or widened to these widths until they are reasonably necessary for 
safe or convenient travel, but the widths should be legally estab- 
lished and protected from the encroachments of buildings or other 
permanent improvements which might prevent their future develop- 
ment to meet increasing needs. This can be done, and has been 
done, in Philadelphia under an Act of Assembly for many years in 
protecting the general sj^'stem of streets, and similar authority should 
be given to rural districts. Such a restriction may seem at first 
glance to be a hardship and an encumbrance on the property, but it 
is doubtful whether there has been an instance of real pecuniary loss. 
due to it during the many years it had been in force. 



158 



Haldeman — The Planning of City Streets, 



SUGGESTED CROSS SECTIONS - 110 FOOT STREET 



& 







nesutviKTioN 



«UU WfKtK «US9 






UKf 



f\nf form oT improvcnzit 
Widfh c/"60P only ro be opened \itfv% rv^*'-<iKr can dc imposed 




:«UU'«MJ«6IUS&> 



HraT fonn offliprovetTTanr uihere full umdfh ofa^rtcf i» opened 
Sngle or doubli rrsck Vreef railui«^ mw^ be placed along csnftr 
Lrtic dnvcuMy may be iMtencd by ^akn9 9 feet from the central space 
Eifterdriveuiay may be omifted r firi form 




^c-: 



-fM^ 







fwr- 



•«r- 



-»flt. 



Form of improvtmtnt unth strwt raikuay frecki. 



n>NTMe smmcc 




Final f5rm oflmprovemeni 



JMk 



Fig. 13. 



Haldeman — The Planning of City Streets, 159 

No great hardship or depreciation of values could result along 
existing important highways if new buildings were required to 
recede 55 or 75 feet on either side of the centre line, and it would seem 
a wise policy for real estate operators and town site promoters to 
voluntarily place such a restriction upon their properties; as a mat- 
ter of fact, property owners can, and frequently do, place such 
restrictions in rural and suburban sections more effectively than can 
be done by the public authorities. The general provision and rec- 
ognition by property owners and the public authorities that certain 
roads are to permanently remain the great traffic routes and will not 
be abandoned in favor of some new route that may be opened more 
cheaply and made more popular should have the effect of establishing 
more stable values upon them, and the extra area thrown into them 
could be compensated for by making the purely residential streets 
somewhat narrower, for in many land development schemes roads 
which can never have any large usefulness for public travel are made 
wider than is necessary in view of the more open form of improvement 
which is increasing in popularity with both builders and home buyers. 

With the increasing demand for rapid transit, underground rail- 
roads for both passengers and freight could be placed under these 
wide avenues or elevated lines could be erected along them and 
concealed by trees as is done in Paris and Berlin; they would also 
be most available for the main trunks of underground systems for 
many kinds of service, the numbers and character of which are con- 
stantly increasing. It is quite probable that the future ^ill witness a 
great development of underground transportation and that much of 
the material now carried on the surface will be delivered by under- 
ground railways or through pneumatic tubes or similar devices. If 
the tendency toward the more open development of property con- 
tinues it is doubtful whether the general system of underground 
galleries favored by some engineers will be financially practicable, 
and, if not, wide avenues will be necessary to accommodate their 
trunk lines. It is not beyond the realm of possibility that more 
space will be required in the future for sub-surface than for surface 
transportation along main arteries and with wide spaces between the 
building lines many of the underground structures could be placed 
beneath side-walks and grass plots and the necessity for the frequent 
tearing up of roadway paving avoided. 

If restrictions can be enforced requiring buildings to recede to 
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established widths, the full width of the street need not be openel 
and improved until required for traffic; this, in the case of streets^ 
of any width or class, might not be required for many years after the 
original opening; take the street 110 feet wide for instance; its initial 
opening might be only 60 feet with a 24 foot driveway, a row of trees 
and a sidewalk on each side; this is equivalent to the width of almost 
any of our best-improved and most-traveled country roads; if restric- 
tions cannot be imposed and the initial opening must be to the full 
w dth the first roadway might be placed in any one of several loca- 
tions, in the centre or on either side, or it might even be allowed to 
meander somewhat in very wide avenues and the walks might do 
the same, but this should only be permitted in rural or subiu-ban 
sections where there is not likely to be any early necessity for full 
width development; if trees are planted they should be placed in 
locations where they wall not be disturbed in the final improvement 
of the road; as the demands of traffic increase the roadway could be 
widened or new ones opened in accordance with a pre-determined 
cross-section. The principle of the elastic sub-division could be 
applied with advantage to all the various classes and widths of streets 
and if no further widening of driveways or walks was ever required 
after the initial opening, as would probably be the case in many in- 
stances, the streets would always remain very attractive, or afford 
opportunities for being made so. 

The establishment of cross-section subdivisions might be simpli- 
fied by adopting units of traffic width for determining each section. 
There is some difference of opinion among advocates of this method 
as to the proper width of units; some suggest 8 feet and some 9 feet 
as the unit width for a Hne of vehicles; motor trucks are coming 
into very general use and there is a tendency toward increased 
widths of both gear and body among some makers of them; the 
standard maximum, at present seems to be 7 feet or 7 feet 3 inches and 
the extreme 9 feet 6 inches, over all; widths of over 7 feet are reported 
as being difficult to handle, bothersome in general traffic and sub- 
ject to overloading. Two feet should be a normal unit for a line of 
pedestrians and the width for a grass plot with a row of trees should 
be a multiple of the unit for a line of pedestrians. Street railway 
and general traffic should be kept separated and prevented from 
obstructing each other as much as possible, and the former should be 
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given an independent rightof-way on wide streets; the unit of width 
for a double track surface line should be 20 feet. 

These standard units used in combination with an intelligent fore- 
cast of the probable future needs of the street would afford a more 
rational and systematic means for determining proper and economic 
widths than the unreasoning and arbitrary methods usually employed. 
Minimum widths based upon them and upon the probable immediate 
use of the street could be used in the initial improvement of the 
driveways and footwalks and these widths could be increased by 
units as the travel increased. 

Main traffic routes should be planned in as direct lines as possible 
between important points, but they need not necessarily be straight; 
sharp curves and sudden jogs should, however, be avoided and chan- 
ges in direction should be accomplished by means of curves rather 
than angles; an easy curve or a well planned fork will tend to break 
the monotony of long, straight lines; topographical conditions 
should not be allowed to exert as large an influence as in streets of 
less importance; detours which would materially lengthen the route 
should only be made to avoid excessive grades; some heavy cutting 
and filling is to be preferred over many windings in a great traffic 
route which in the ordinary course of events may be called upon to 
carry the trade of a great city for centuries; the first plan of a street 
must usuaUy be considered its permanent one, for its location, width 
and grade cannot be changed at will to accommodate increasing 
traffic, as is the case with a railroad line. 

Secondary traffic streets should be established connecting the main 
traffic ones with, each other and with secondary centers of population 
and industry, and these two classes of traffic streets should form the 
skeleton plan, designed with a view of creating direct routes at 
reasonable intervals throughout the entire city and surrounding 
districts without regard for the development of any particular prop- 
erty, but with an intelUgent purpose of encouraging an equal dis- 
tribution of opportunities for improvement. 

As there are local business needs to be served in every community, 
or at various points in large and widespread ones, and as the social 
intermingling of the people in every legitimate manner should be 
encouraged, the planning of the traffic streets should take into con- 
sideration the points at which local business centers may be estab- 
lished, and also those which seem most available for the purposes of 
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civic or social centers. The municipal authorities cannot directly 
control the drift of business, but they can control the location of 
libraries, schools, public halls, gymnasiums, playgroimds and baths, 
branch offices of the central government, fire houses, police stations 
and other buildings necessary to the proper administration of the 
public business; these public buildings, properly grouped, form the 
civic or social center and by reason of being the center of the social, 
educational, and official life of the community will attract hotels, 
theaters and general business. These centers should be planned in 
such a manner that traffic may have an option of passing either 
through or around them so that congestion in them may be avoided. 
The village "green," characteristic of all New England towns, is 
the embryonic type of what such a center should be. It is a some- 
what sad commentary upon the wisdom and skill of some of the more 
modem town planners to say that the men who laid out the American 
towns of a century or two ago were wiser than they in their apprecia- 
tion of the value of civic centers and open spaces for the use of the 
people, that those town planners of the long ago established a custom 
which, after having been abandoned for more than a century, has 
become one of the vital issues of the new town planning, and that 
the restoration of the park and the open public place is due to the 
active interest of private citizens and associations in civic affairs. 

Parks, playgrounds, and other open spaces for the use and enjoy- 
ment of the people have come to be recognized as essential features 
of modem urban improvements and should be provided for on every 
plan of street extension. The selection and distribution of such 
places can be more intelligently made in connection with the es- 
tablishment of traffic streets than if left until residential or other 
development has commenced and the value of land has advanced. 

With an efficient system of traffic streets firmly established, other 
parts of the plan, covering residential streets and those which can 
never be of much importance to through travel, should be left as 
elastic as possible in order that any legitimate form of development 
may be accommodated. Industrial sections, high class residential 
sections, and sections given to the modest type of dwellings, each 
require a diflferent treatment of the street plan. In factory districts 
the streets surrounding industrial plants should be wide and straight 
while those in the same vicinity upon which the homes of the work- 
men front may be of a quite diflferent t3rpe; some of the garden 
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cities and industrial colonies of England and Germany suggest 
admirable arrangements for this form of development, the driveways 
and walks being narrow and the building set back with foreyards or 
arranged around open spaces or squares. 

High class residential sections lend themselves to most attractive 
forms of planning; houses built singly or in pairs on large plots per- 
mit greater freedom in establishing beautiful streets and narrower 
paved areas are allowable; the local travel through a residential 
section may even be accommodated by lanes wide enough for two 
vehicles to pass and a single footwalk. 

In sections given to more modest dwellings built in pairs or long, 
solid rows on small plots, a minimum width between building lines 
should be established, and this width should be sufficient to allow 
a part of it to be planted; in such a section the streets will naturally 
be closer together and economy will be effected if the paved spaces 
be only such as are necessary to the local use. 

The question of grades is one of great importance and should re- 
ceive the most careful study; grades that are steep or irregular or 
that break at frequent intervals are neither desirable for traffic or 
attractive in appearance; long, even slopes should be obtained wher- 
ever possible, especially on straight streets; upon traffic streets the 
maximum should not exceed one in twenty unless physical conditions 
render it absolutely impossible to keep within it, and places where it 
is adopted should be short, few and far between. Maximiun grades 
in Europe, even in hilly cities, are generally lighter than in America, 
and in some instances are kept within the limit by rampeing or zig- 
zagging the lines. In some parts of Germany, the law limits the 
grade to one in fifty; in France the maximum on national highways 
is one in thirty-three and on departmental highways one in twenty. 

Heavy grades are as difficult and dangerous in their descent as 
in their ascent; this is well illustrated in the one in ten grade on 
Market and Chestnut streets, Philadelphia, approaching Delaware 
avenue, where heavily laden vehicles zigzag across the street in 
ascending and do the same or drag the wheels along the curb as a 
brake in descending. 

Under the methods which have heretofore prevailed in municipal 
street planning, considerations of attractiveness have been almost 
entirely neglected and whatever beauty our streets possess is due 
to private initiative; the street has been regarded as just so much 
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space to be paved between houses, the idea apparently being that 
the municipahty could not afford to construct or maintain an3rthing 
there except paving and such unlovely objects as tel^raph, tele- 
phone, and trolley poles; we shall probably find in the future that 
considerable of this area can be used for grass plots and trees, that 
the cost of maintaining them properly need not be prohibitive, and 
that the attractiveness of the streets will be inmieasurably enhanced; 
it will be interesting to note whether this change, which is certain to 
come, will result from intelligent and well-directed efforts on the part 
of the public authorities or allowed to go by default until it is forced 
by political or private agitation. 

Competition is as keen among cities as it is among individuals and 
skilful advertising is as necessary in establishing and maintaining 
a city in a position of eminence as it is in assuring success in business; 
the most effective advertising of the city is accomplished through 
the agency of the street and its furnishing and the opportunity and 
encouragement it gives for expressing the civic pride and ambition of 
the individual and the community; a city whose streets are uni- 
formly commonplace and monotonous will never inspire its citizens 
with a very high order of civic pride or patriotism, nor will it engage 
the earnest attention, admiration, or respect of the visitor. One 
reason why Philadelphia is not more favorably advertised and more 
widely commended is because she has so little of the dignity, beauty, 
and charm that arms her citizens best in defence against criticism and 
that attracts the interest and applause of the tourist and the casual 
visitor; if we are to achieve and maintain any position of distinction 
as a world-interesting city we must cultivate a larger appreciation of 
civic art and apply it more industriously in connection with the doing 
of such big and progressive things as are making other American 
cities famous, helping to attract the world to Europe and turning a 
strong tide of world-travel toward the ambitious cities of South 
America. 

There are two classes of streets in foreign cities that are the delight 
of tourists; one is the narrow thoroughfare of the olden time, full of 
angles and offsets, curious gables, picturesque open spaces and 
quaint buildings; the other is the wise, dignified, tree lined avenue 
or recent years, flanked by stately buildings bearing the finished 
touch of the most skilled architects. Our American cities offer little 
in either of these classes; the picturesque passageways of the Middle 
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Ages will never be reproduced and we seem unable or unwilling to 
properly develop the grand avenue of modern times; the wide streets 
we have are either a waste of desolate paving or the attempt to rescue 
them from that condition, which has resulted in grotesque combina- 
tions of various schemes devised and carried out with the best intent 
by individual property owners but without proper advice, control, or 
supervision, and only occasionally do we find a street or a neighbor- 
hood where all the surroundings give expression to a well-ordered 
and harmonious conception. 

American cities lead the world in the beauty and charm of their 
suburbs, but as urban improvements are pushed outward much of 
this is destroyed by inflexible insistence upon some formal scheme 
of development, regardless of the character of the street or the nature 
of the adjacent territory. With all our boasted wealth and progress, 
our great municipalities have failed dismally in both the eflSciency 
and attractiveness of our streets and roads; the best we have to 
show, with few exceptions, is in our smaller towns or where the devel- 
opment has been due to broad-gauge private enterprise. 

No plan of a city has been well or wisely conceived imless the citi- 
zen can find pleasure and enjoyment in his surroundings as he tra- 
verses its streets; no plan is complete unless it offers the pedestrian 
something to repay him for his wanderings and some enticing place 
where he may halt to rest, whether it be in some quiet side street in 
contemplation of a garden, a fountain, or a statue, or in the midst 
of the rush and roar of traffic in contemplation of man's strenuous 
struggles in the world of trade; no street is well planned 'unless it 
expresses an intelligent conception of the uses to which it and the 
property bordering upon it may be put, and invites and encourages 
those legitimate uses in their best estate. 

DISCUSSION 

Mb. S. M. Swaab. — I noticed in the pictures of some sections of suburban 
property around Philadelphia half a dozen telegraph poles. Do they have them 
abroad? 

A. — In most cases the wires are carried over the buildings and poles are erected 
in the yards or attached to the buildings. 

Mb. Swaab. — In the case of the elevated railroad in Berlin were the trees 
planted to hide the structure or were they there before? 

Chairman. — I happen to know that section; the trees were planted to hide it. 
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Mr. Swaab. — If you had some pictures of the Berlin elevated, you could 
show one of the handsomest elevated railway structures in the world. 

Mr. Haldeman. — Well, I was not particularly impressed with the design of 
the metal structure. 

Chairman. — They have endeavored to make this elevated structure as nearly 
noiseless as possible. 

Mr. Haldeman. — It is very nearly noiseless. Not only are the elevated 
roads of Berlin operated very silently, but all the surface roads in the German 
cities are so operated. I do not think you will hear bolts, chains or other loose 
parts rattling on their cars, there are no flat wheels or anything of that kind. 

Mr. Webster. — Mr. Haldeman has given a very clear demonstration of the 
difliiculties encountered in proper street planning; also in the planning of a large 
city. Laying out a new town in virgin country represents a problem which is 
very diflScult to solve and requires the best skill of the Town Planner. It is 
almost impossible for any one to determine — I might say it is almost impossible 
for any one to make an intelligent guess — as to ho'w such a town in its long years 
of development is going to grow. Consideration must be given as to conditions 
which may develop which will change the attitude of the local government, the 
advent of one or two lines of steam or electric railroads may change what was 
planned originally to be a residential section into a manufacturing district, and 
in the laying out of streets it must be realized that those to be used for business 
and transportation purposes must necessarily be wider than those in residential 
sections. In fact, in planning a small town, to lay out wide streets in a resi- 
dential district would not only be undesirable, but would place an unnecessary 
cost for street improvements upon owners of the land. In Philadelphia, who, 
twenty-five years ago could have forseen the great concentration of people which 
occurs daily in the vicinity of Broad and Market Streets, which is due largely 
to the advent of the department store and the large office building, which ac- 
comodate tl^ousands of people? This has placed upon the city new obligations 
which were neither anticipated nor provided for. 

In the growth of our cities it is necessary not only to provide for the accommoda- 
tion of the people upon the surface of the street, but it is also necessary to make 
provision for those underground structures which are so essential to their com- 
fort and convenience. To supply those necessaries of life which modem civiliza- 
tion demands, all kinds of sub-surface structures are required; the sewer and 
water pipe were probably the only ones anticipated one hundred years ago, 
but now provision must be made for conduits to carry telephone and telegraph 
wires, pipes for gas, pneumatic tubes and other similar structures which in the 
future will increase in numbers and size. On the principal street* in the business 
center of the large city the demands of transportation require that subwajrs be 
constructed in order that the people may have a quick and economical con- 
veyance between their homes and places of business. These demands both on 
the surface of the street and xmderground are such that in the older cities they 
can only be met by laying out new streets or the widening of existing thorough- 
fares. 
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In the pltoining of cities it is now considered essential that civic and trade 
centers be established and that direct avenues of communication be laid out 
from these centers and the residential districts to various places of business, 
thus providing not only for the distribution of the population, but for direct 
avenues of communication. 

Many of our large cities were formed by the consolidation of numerous small 
towns that had grown up in close proximity to each other — of which Boston and 
Philadelphia are good examples — it is difficult to anticipate in planning the 
conditions which arise by such consolidation. It would therefore seem wise to 
have a metropolitan authority covering not only the city, but the immediate 
suburbs, fully empowered to plan for the development of the entire section. By 
this means a comprehensive plan could be adopted which would be worked out 
to fit in with the growth of the towns, and at the same time, result in a har- 
monious and economical development of the greater city. 

In the improvement of streets in advance of their ultimate requirements, it is 
advisable to adopt in this country, as has been done abroad, what is known as 
the elastic street, which provides for laying out the street upon the plan of the 
full width for its future needs and of improving the roadway of a much narrower 
width, leaving the space on either side for grass plots. In this way the first cost 
of the street improvements is kept within reasonable limits and ample provi- 
sion is made for the future. 

Mr. H. H. Quimby. — Mr. Webster mentions the crowding on Broad Street 
and on Market Street, but he failed to mention the cnix of those influences; I 
think that is probably the City Hall. Mr. Haldeman in showing the picture of 
some important city said, I think, that that city hall had a proper setting, and it 
appeared to have so large a park around it that people who came to that city 
hall would have to walk a considerable distance. Suppose our own City Hall 
were siurounded by a large park, then everybody who goes to the City Hall 
would have to walk, say from the nearest store, perhaps a distance of from 500 
to 1,000 feet. I think they would be apt to regard that park as not very 
desirable. The City Hall is a place of business, whatever people seem to think 
of the City Hall as a place of work; people go there on business and not to loiter. 
The crowding of business around the City Hall indicates that the City Hall 
is the centre of business activity, and it seems to me that the utilization of a 
large area around such a building is overdoing a good thing. People who are 
devoting their whole attention to city planning, and propose introducing foliage 
into cities, are perhaps apt to overdo it. 

Mr. Haldeman. — It is not a question of overdoing it, it is a question of doing 
it right. If it is done right, it will not be overdone. 

It is not suggested that the City Hall of Philadelphia should have an open 
space around it exactly like that surrounding the City Hall in Salt Lake City. 
It should have a space appropriate to its mass and architecture. That is the 
great principle of town planning, to have these things in proper proportion. 
It is very true that the City Hall is a place of work, as is the entire central sec- 
tion of the city. Financial, legal, corporation, and certain other kinds of business 
will probably always be conducted chiefly in the central district of the city, 
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but there is no reason why all the large department stores and other high class 
stores should be there. One of the principal objects of city planning is to dis- 
courage the creation of one congested center and to encourage the growth of 
business centers in various parts of the city. All large cities are beginning to 
realize the evils of concentration and of crowding all business into one cento". 

Mr. W. C. P^rber. — In the course of Mr. Haldeman's very excellent ad- 
dress on Town Planning, he made one statement in regard to the tendency of 
town development toward open spaces and toward separate dwellings. I have 
been attending the sessions of the National Housing Convention in Philadelphia 
during the past week, and I have been surprised and amused at some of the 
expressions of opinion regarding the Philadelphia method of laying out streets, 
which, in my opinion, are largely due to ignorance. I thought our wide streets 
and detached houses were pretty nearly the right thing, but in these various 
conferences where these subjects came up, the expressions of opinion were any- 
thing but favorable toward the Philadelphia methods. One speaker said that 
some of our Philadelphia detached houses were put up in Newark, N. J., and 
they had been unable to rent them; that the Newark people preferred the two- 
decker flat, on the theory, I suppose, that the builder could rent the upper part 
and live in the lower part himself, leaving the upper one to take care of his over- 
head charges. It was also stated that in New Rochelle people are giving up 
private houses and living in flats. The speaker was now living in a flat 
by choice. In analyzing these methods, he emphasized the difficulty of securing 
cooks and servants, and he thought that in future, skeletons of cooks and serv- 
ants would be preserved in the museums. He also referred to the difficulty of 
getting houses provided with hot water, and conveniences for the removal of 
ashes, etc., and he thought the progress of modem development was in favor of 
doing these things in a conmiunal way, which would be better than in an indi- 
vidual way, which, of course, has the merit of truth. 

The best possible way towards the development of the individual house in 
the way of a combination of general utilities, is in the Girard Estate, at 17th and 
Shimk Streets; we all know that is a popular development in Philadelphia. 

Mr. Haldeman spoke of the unfortunate development of cities in the ways 
they were not expected to go, and I never ride out to Willow Grove but it makes 
me feel sad to see the pushing of the two-story or three-story operation house 
out into that beautiful country. I think it is this side of Logan that there is 
a development of two-story houses that jar your sense of the fitness of things, 
as you compare them with the beautiful landscape with which they are sur- 
rounded. It may be otherwise some day, but it is inevitable as long as you have 
the private ownership of land and where the sole object is the greed of 
the owners. 

Mr. S. M. Swaab. — I am not very much of a political economist, but I would 
like to ask my friend Mr. Haldeman whether those European methods of laying 
out streets is not really a matter of economy more than anything else? 

What impressed me particularly in the pictures that Mr. Haldeman showed 
was the vast quantity of foliage and trees in the continental cities, and the con- 
siderable distances between the buildings. It seems to me that owing to the 
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distance between the individual houses the water and gas pipes, sewer^, etc., 
will have to be so much longer, and will, therefore, cost so much more money 
per inhabitant than they do in American cities where the houses are built close 
together, and this is probably why the European citizens are taxed more than 
we are here. Mr. Haldeman also said that I called his attention to the artistic 
value of the elevated railroad structure in Berlin. In my judgment they have 
produced a standard which in that respect at least is superior to anything I 
know of. He said that the elevated railroad in that city was considered a very 
noiseless structure, and placed the emphasis more on that than anything else. 
After the Market Street elevated structure was put in service the several Euro- 
pean railroad engineers who saw it agreed that it was the most noiseless structure 
of any elevated railroad that existed at the time it was built, and I think that 
was said by Mr. J. B. F. Davies, of New York, when he was here a couple of 
years ago in a talk on elevated railroads and subways. 

Chairman. — ^A number of thing have been touched upon here. Mr. Halde" 
man showed a few of the very wide streets in Berlin — one in particular, called 
Hierstrasse (Army Street). The originator of that street was the present Em- 
peror, who wanted to have the means of getting large bodies of men from Berlin 
to Potsdam. An existing street was widened by tearing down all buildings on 
one side, which is why on one side of the street you see a very modern type of 
architecture and on the other an older stereotyped form. The street itself is 
undeniably beautiful, but its cost was enormous. On the other hand, the cost 
was again brought in by the erection of these new structures, which, while they 
look rather palatial, are only flats. That brings in something that Mr. Furber 
touched upon. While these houses are simply flats for workingmen and small 
tradespeople, they are exceedingly well built. They are fireproof structures, 
and there is not a room in them that has not direct light. They have wide 
stairways and wide entrances into courtyards. The building authorities demand 
that these courts have a width in proportion to the height of the building, and 
that every room have direct daylight. That results in these structures all being 
large ones. A man cannot put up a small building and leave so much space 
unoccupied, so he perforce puts up a large one, surrounding the court. 

Mr. Swaab questioned the economy of such buildings, believing that these 
requirements must carry with them enormous costs. The cost per occupant is 
low; though the first cost of the work be high. The cost per occupant is lower 
than un^er our Philadelphia plan. 

In our Philadelphia individual house plan uniformity is horizontal. If you 
go to a German house and drop a shot down from the same spot in each roof, you 
will strike a similar table on each floor all the way down to the cellar, shoot 
horizontally around the square of a Philadelphia ''operation'^ and you hit the 
same picture in each house. The German lives vertically, the Philadelphian 
horizontally, and both to monotonous sameness in the mass. 

Referring to the Hierstrasse, the municipality of Charlottenburg would not 
have its section called that, but called it Bismarckstrasse, much to the dis- 
comfiture of the Emperor, who is accused of an overfondness for Bismarck. 

There is one thing they have which would be very desirable in Philadelphia 
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also. On narrow streets no new buildings can be put up to the old line, but must 
be set back to a new line, thus insuring a wide street after a while. 

Mr. Swaab. — We have the same thing in Philadelphia. We have it on every 
street, Arch Street, Walnut Street, and other main streets. 

Chairman. — Mr. Haldernan referred to the desirability of a park setting for 
our City Hall, to which some exception was taken as placing the City Hall more 
remote. It is not necessary to occupy great width to secure park effect. Many 
European cities have such settings for large pubhc buildings, but the space oc- 
cupied to make these surroundings is not actually large enough to caxise anyone 
to become leg-weary. But the treatment does demand skill. Speaking of our 
own City Hall, I think it would do no harm at all if we had a few trees to hide 
it. 

Much mention was made of the fact that oiu* Philadelphia business is con- 
centrated. That is not a necessary characteristic of a large city; but is a village 
practice. The business of our town while small was concentrated around the 
City Hall a long time ago; and a great many people, not Philadelphians, and a 
few who are, hold it a reproach that it should still be so. It is a small town 
view still largely held by a great many; take, for instance, this Club, this meet- 
ing would be much better attended if it were within one and a half or two blocks 
of the City Hall, instead of four. We have not yet caught up with 
our growth. 

The real cause of the high cost of living in European cities is Europe's mili- 
tarism, not only does it cost a good deal to maintain a soldier or a sailor, but 
this taking a man out of industrial life and putting him in the army or the navy 
deprives the community of a self supporting and a contributing member and 
adds an eating member whom the others must support; and in that you have 
basic cause for the high taxation prevailing in Europe. We here save that, but 
are like the woman who, saving a dollar, feels rich enough to spend two, and 
does. 

Mr. Haldeman. — In reference to the economy of the wide streets 
of Continental cities, I will say that the individual street does cost more than 
ours, but the percentage of street area is much less than in our big American 
cities. Nearly one-half the area of Manhattan Island is occupied by streets; 
in Philadelphia the street area varies from 30% to 50%; in Berlin it does not 
exceed 20% to 25%. 

Mr. Furber. — The character of a street is determined by the character 
of the buildings upon it. You pointed out the superiority of the large flat house. 
With proper facilities for living in, that is quite an institution. I think we 
believe that that type of building is infinitely to be preferred to oiu* cheap, two- 
story house that we are famihar with in Philadelphia, and as you have also 
pointed out, that the unit cost per square foot of street serves up a reason for this 
increased density of population, which makes it easier to compare with our 
development. 

Chairman. — People who live in those flat houses must suffer a certain amount 
of regulation, which I do not think we would submit to in Philadelphia. If 
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those fiat houses were lived in under the same conditions as our houses are lived 
in, they would soon become infernal nuisances and disease traps that you could 
not stand. Therefore, I do not think those houses are practicable in a com- 
munity like ours. Our populace has not yet arrived at the stage of communal 
civilization that acknowledges the community a right to interfere in what each 
individual considers his or her personal right to endanger their neighbors. 

Mr. Furber. — Up until recently Philadelphia has fought against apartment 
houses, and now we see people are taking to them with great avidity. A sec- 
tion of Germantown is being invaded that way. 

Chairman. — Yes, but those are of a different character. The German low- 
priced flats have street fronts of a hundred feet or more. As the streets are very 
far apart there are four or five sets of fiat buildings of five stories each in series 
separated by courtyards and planting spaces. Additional fiats with a wide 
driveway from the street to the courts. Then the fiats range from three to ten 
rooms. And practically every family lives up to the Rooseveltian ideal. Can 
you imagine that kind of rabbit warren in Philadelphia? Why, if a policeman 
got into such a house here, he would be in peril of his life; the women would 
mob him. So, desirable as these may be under proper regulation, you have to 
reckon with your conditions. 

Mr. E. M. Nichols. — Is it not a fact that our housing conditions are better 
than theirs? 

Chairman. — Almost the worst housing conditions in the world are to be found 
in our theoretically free and civilized United States, and especially in New York 
City. 

Mr. Nichols. — Is it not a fact that the people who come here from Eiu-ope 
are used to that? 

Chairman. — No, they are not willing to live like that, nor*are they used to 
it. They have to put up with what they can get. 

Mr. W. C. Ftjrber. — Strange as it may seem, some of our worst slums are 
out in our suburbs, Bryn Mawr and the Main Line section, where one would 
not expect to find them. 

Mr. Nichols. — I do not care where they are; who is responsible for it? 

Chairman. — The responsibility for our worst housing problems rests with 
ourselves, with the low or almost absent sense of civic responsibility of those 
who cannot help themselves — an absent sense which permits exploitation by 
real estate dealers and house owners looking only to their direct retiuns, and 
without glasses corrected for shortsightedness. Not that our owners are any 
more rapacious or shortsighted than others the world over; they are not. It is 
even certain that many, of their own accord, do much to improve conditions, 
more than European individuals do. But relying on individual communal 
sense to protect the commtmity against individual greed is like resting on a 
broken reed. Finally, the responsibility does and must rest with the com- 
munity, and conditions will become better only with our advance in communal 
civilization. 
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Paper No. 1122. 
THE MANUFACTURE OF PETROLEUM PRODUCTS 

By Dr. P. C. ROBINSON 

Chief Chemist of the Atlantic Refining Co. 

Read December tl, 191Z 

It is a real privilege to address you, a body of engineers, on the pre- 
sent subject — The Manufacture of Petroleum Products^-because 
all of these products are or noight be used in some engineering opera- 
tion. I have frequently had occasion to inform my friends that the 
oil refinery does not manufacture dyes, acetanilid and allied pro- 
ducts, nor perfumes. We do not make perfumes. 

The first group of products from petroleum is made up of Gasol'nes 
and Naphthas. There is some confusion among the various names, 
benzine, gasoline, naphtha, etc., but the best practice is to use the 
word gasoline for any mixture of light hydrocarbons intended for 
use in any kind of vaporizer, i, e., to be gasified in a gas machine, 
gasoHne torch, gasoline stove or automobile carbureter. Also to con- 
fine the word naphtha to mixtures of hydrocarbons intended for 
some purpose fhat requires a very good odor, such as the naphtha 
used by cleaners, varnish makers, soap makers, etc. In this scheme, 
the word benzine finds no place. Gasolines and Naphthas vary in 
average boiling point according to the use for which they are in- 
tended, but all lay between 125® F. and 280° F. In all cases it is 
essential that they be free from all heavy hydrocarbons that do not 
evaporate from the hand. 

The next group consists of several grades of Lamp Oil. Lamp Oil 
is a mixture of hydrocarbons whose average boiling point is about 
450° F., entirely freed on the one hand from gasoline or naphtha 
and on the other hand from the heavy hydrocarbons that belong 
to Gas Oil and Lubricating Oil and that would make the oil act badly 
in the lamp. 

The next class is gas oil. While oils of all degrees of volatility 
have been used, the most economical for the gas maker consists of 
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a mixture of heavy hydro-carbons with an average boiling point of 
600° to 650® F. It must be practically free from Gasoline and Lamp 
Oil on the one hand and from the heavy lubricating Oils and Asphalt 
on the other. 

The next group is Fuel Oil. This oil occupies a peculiar position. 
It must be oil and must not contain gasoline and must be of such a 
consistency that it can be pumped through pipes and burners, but 
except for these restrictions one oil is practically as good as another 
for fuel. The light oils have a slightly higher heat of combustion per 
pound, but the heavier oils have a slightly higher heat of combus- 
tion per gallon. For some purposes, such as oil engines, special 
oils are required, but, in general. Fuel Oil is made up of oils that cannot 
be used for any better purpose. 

The next group is that of Spindle Oils — Neutral and Paraffin Oils. 
This important group includes hundreds of light lubricating oils 
designed for use on thousands of different Ught machines, including 
Gas Engines. They must be free from gasoline and lamp oil in 
order that their flash test shall be high enough to prevent loss by 
evaporation. The important point to that is that they shall have the 
proper viscosity for the use intended. 

The next group is that of Steam Cylinder Oils, which consist of 
the heaviest hydrocarbons contained in certain crude oils. In this 
case ako the flash must be such that the oils Tvill not evaporate in a 
steam cylinder and must have the proper viscosity for the use intended 
at the temperature of the cylinder. 

The next group — Paraffin Wax — consists of a mixture of hydro- 
carbons of the Paraffin series about C23 H48 to C35 H72. The com- 
mercial article is rated according to the melting point, which varies 
frcin 100° to 135° F. 

The next group — Vaseline or Petrolatum — consists of the higher 
members of the Paraffin series which settle from crude oil mixed 
and inseparable from some of the oily constituents of the crude. It 
is marketed as the light colored material used in medicine and for 
toilet purposes or as the dark colored sticky material used in large 
quantities by the makers of oiled paper 

The next group — ^The Dust Laying Oils — consists of Petroleum 
Asphalt in solution in oils similar to gas oil. The basic idea in their 
manufacture is that the solvent will slowly evaporate, leaving the 
dust particles covered wih a sticky adherent film. These oils have 
proven successfu' as a cheap means of laying dust. 
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The next group — The Road Binders — consists of petroleum asphalt 
properly fluxed with heavy Petroleum Oils that will not evaporate 
and of such quaUties that they will bind the road materials together 
both in summer and winter. 

The next group — Coke — contains but one member. This material 
being almost entirely free from ash, is used very extensively by makers 
of Electric Carbons. 

1. These are the desired products. Now let us look at the Crude 
Oils from which they are obtained. 

2. There are about as many varieties of crude oil as there are oil 
fields, but the refiner recognizes three distinct types, because each 
type must be handled by different methods. Viz. (1) The parafiSn 
base crude similar to that found in Pennsylvania and West Virginia, 
and being essentially light colored crudes containing paraffin. (2) 
Asphalt Base Crudes similar to those found in Texas and California 
and being essentially black and containing no paraffin. (3) Mixed 
Base Crudes similar to those found from Ohio to Oklahoma and being 
essentially mixtures of paraffin and Asphalt Base Crudes. 

3. In order to obtain some idea of the chemical and physical nature 
of the crude oil let us imagine a sample of Mixed Base Crude brought 
into the laboratory for a thorough examination. The Chemist 
would probably distill the sample in a vacuum or in some similar 
manner in order to avoid destructive distillation and would save 
the various fractions separate. He would not distill oflf more than 
90% because the heaviest 10% cannot be distilled without breaking 
it down into simpler molecules. He will then start to examine the 
various fractions and will keep a record similar to the middle chart. 
The horizontal lines indicate the 10 fractions. The first fraction will 
be a light mobile mixture of hydrocarbons whose average boiling point 
is about 227° F. The second is a slightly darker and slightly less 
mobile mixture of hydrocarbons whose average boiling point is about 
295° F. The third cut again darker, heavier and less mobile, boiling 
point 369° F. The fourth cut still heavier and 460° F. boiling point. 
The fifth cut is about 530° F. boiling point. The remaining cuts are 
increasingly heavier, more viscous and darker in color and the residue 
in the still is a soft pitch. The chemist now asks what these ten 
fractions are chemically and he recognizes four groups of compounds 
in each fraction that the refiner may have to isolate or remove. 
First the coloring matter indicated in the diagram by the black area. 
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He can isolate this group by bone black or fuller's earth. When 
isolated in a pure state it is a jet black brittle compound which is very 
similar to the purest asphalt. A second important class of compounds 
is the material soluble in strong sulphuric acid. The low boiUng 
members of this group represent the odor-bearing compounds of 
the crude, while the higher members are rich in sulphur, and are 
easily oxidized. The refiner frequently has to remove a portion of 
this class. A third group is that of aromatic hydrocarbons, benzol, 
naphthalene, anthracene, etc., which may be removed by agitating 
the oil with fuming sulphuric acid. The remainder of the crude oil 
unattacked by fuming sulphuric acid is made up of the naphthene 
and paraffin series. You will notice that the amount of coloring is 
very small in the low boiling fractions, but very high in the high 
boiling fractions, and conversely that the amount of paraffins and 
naphthenes in the low boiling fractions is very large while in the residue 
it is very small. Looking now at similar diagrams for a Paraffin 
Base Crude and an Asphalt Base Crude; you will notice first that the 
Paraffin Base Crude contains very Uttle, the Asphalt Base Crude very 
much color or asphalt. Also that the Paraffin Base Crude contains 
ver>^ much and the Asphalt Base Crude very little paraffin and 
naphthenes. Also that the Paraffin Base Crude contains very little 
and the Asphalt Base Crude very much of the aromatic group. 
Such information as these charts set forth enable the refiner to de- 
cide what products he can make and indicate in a general way the 
methods he must follow. For example the charts would show: 
(1) The percentage of Gasoline that the Crude contains; (2) The 
percentage of Lamp Oil; (3) the percentage of Lubricating Oil, etc. 
However you will please understand that this is not a practical assay 
of Crude Oil. It is merely an attempt to give you a Chemical 
picture so to, speak, showing the distribution of the four important 
groups that the refiner has to deal with; also that each group con- 
sists of thousands of individual hydrocarbons that are never isolated 
even in the laboratory. 

4. Now, starting with Crude Oil, it is the task of the refiner to isolate 
the coDMnercial products that I have shown you. You will see the 
processes outlined on these two charts, and I wish to make especially 
clear that they represent two distinctly different methods of refining, 
so much so that one refiner may decide to use one of them to the 
exclusion of the other, or he may decide to use both of them. He will 
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be guided in this decision by his local conditions. If it be liis desire 
to produce tiie maximum amount of gasoline and lamp oil he will 
use the method marked "Cracking Distillation." If on the other 
hand he wishes to produce the maximum yield of the heavy Lubri- 
cating Oils and Petroleum Asphalts, he will use the method marked 
Fractional Distillations, which means that he will simply separate 
from the crude oil the various fractions which compose it, while 
the refiner who uses the cracking process actually breaks down these 
heavy fractions by destructive distillation in a manner similar to the 
production of benzol and gas by the destructive distillation of coal. 
5, The first step in the cracking process is the cracking distillation. 
The crude oil is pumped into stills containing 500 to 1,000 barrels, 
which consist simply of horizontal steel cylinders made of sheets of 
half inch boiler stee! riveted together and provideii with man-holes 
on top and ends; with pipe for pumping oil into stills; with vapor 
line for conducing the dist lied vapors to a condenser; with safety 
valve; with combustion chamber underneath; with fractional wr 
condensers and with water condenser; and with pipe for conducting 
away the gases invo'ved during the distillation. 
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Such a still is nearly filled with, e. gf., Mid Continent crude oil and 
fires are lighted. When the temperature of the oil in the still has 
reached 175*^ to 200° F. some gases, consisting largely of britane and 
pentane, are given off and presently the highest naphtha starts to 
distill over. The firing is continued; the temperature in the still 
becomes gradually higher; the distillate becomes gradually heavier 
until the temperature in the still reaches about 325® F., at which 
point about 6% or 8% of crude naphtha (200° F. boiling point) has 
distilled over. This is set aside as Crude Naphtha. The distilla- 
tion is continued until the temperature in the still has reached about 
475° F. for crude heavy naphtha and represents 13% to 15% of the 
crude and has an average boiling point of about 300° F. The distill- 
ation is then continued until the temperature in the still has reached 
about 625° F. for Natural Lamp Distillate, which represents about 
16% to 18% and has an average boiUng point of about 450° F. When 
the still has reached this temperature, cracking or destructive distill- 
ation sets in. The fires are slackened in order to distill very slowly 
and this slow distillation is continued until the temperature in the still 
reaches 675° to 700° F., producing a distillate with an average boiling 
point of about 550° F., but containing some gasoline, some lamp oil 
and much heavier oil which I have designated as Gas & Fuel Oil 
stock. The yield of this oil is about 20%. You will notice that this 
cracking distillation is very different from an ordinary fractional 
distillation; heavy molecules have been broken down into lighter 
ones by submitting them to temperatures at which they are unstable. 

There yet remains in the still a heavy black tar representing about 
42% of the crude oil. This is the source of paraffin wax and the line 
of lubricating oils called Paraffin oils. It is no longer desirable to 
carry on a cracking distillation because this would result in the de- 
struction of the valuable products desired. The distillation is con- 
tinued in such a way as to avoid cracking as much as possible (is 
distilled fast) either in the same still or more conamonly in separate 
smaller stills called Tar Stills. This Tar Still Distillation is carried on 
very rapidly in order to produce the maximum yield of paraffin 
distillate (about 22%). In addition to the paraffin distillate, there 
is also produced by destructive distillation about 15% of cracked 
diatillate. At the end of the distillation the stream becomes so 
heavy that it will sink in water and is then known as Wax Tailings, 
which amounts to about 1% of the crude oil. When the distillation 
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atops there remains in the still nothing but Coke, amounting to about 
4% of the crude oil. 

Now taking up the various fractions; first the crude naptha. This 
is again distilled ; first in order to separate it into the various gaso- 
lines and naphthas that compose it and secondly to separate it from 
the small amount of bottoms or light lamp oil that it contains. This 
is done in a still which is heatetl by st*am usually by injecting live 
steam directly into the gasoline. When the distillation starts, some 
gas is given off, then the lightest distillate appears at the trap usually 



Fig. 2. Tar Still. 

about 90° Be. gravity. The distillate gradually gets heavier until 
all the gasoline has distilled off. The receiver is then changed and 
the naphtha distillate is separated. At this point about 90% has 
distilled off leaving a bottom about 10%. This bottom is essentially 
lamp oil and is used as such. The heavy crude naphtha is handled 
in the saine manner except that it contains little or no gasoline and 
contains about 50% of bottoms or lamp oil. The cracked distillate 
is also distilled with steam to remove about 4% of crude naphtha. 
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Up to this point all the operations have been different types of 
distillation. The next step in handhng the naphtha distillate from 
both sources, the lamp oil distillate and the crude naphtha from 
cracked distillate and the test cracked distillate, is the acid treatment. 
You have seen in the crude diagrams that all the fractions contain 
a certain percentage of material attackable by sulphuric acid so 
that this re-agent affords a convenient means for removing color and 
odor from the remainder of the hydrocarbon distillate. In practice, 
the naphtha distillates are agitated with about 5% by volume, the 
lam.p oil distillates with about 1.5% of sulphuric acid, oil of vitriol, for 



about a half hour. The color and odor bearing compounds combine 
with the acid producing a heavj' black viscous mass called acid sludge, 
which settles to the botton of the vessel. The sludge is drawn off and 
the oil washed with water and alkali to remove all traces of acid and 
is then ready for the market. 

The sludge fron all acid treatments is separated into unstable 
products. This is accomplished by boiling it with water, which re- 
sults in the dilution of the acid and renders it incapable of holding 
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in solution the impurities. The weak acid (30° to 50*^ Be.) settles to 
the bottom, is drawn off and reeoncentrated. The upper layer 
consisting of the impurities is known as acid oil. This acid oil is 
separated by fractional distillation into a light distillate which con- 
sists of all the evil odors that the original distillate contained and a 
residue consisting of the asphaltic compounds that were removed by 
the acid. 

You now have before you all the processes used in the manufac- 
ture of naphtha and lamp oil, and while the ideas are fresh 
in mind I will be glad to have you question me on points that 
are not clear. 

The next general subject is the handhng of the paraffin distillate, 
which is the direct source of the paraffin wax and all of the paraffin 
oils. The first step is the process of cold pressing The distillate 
is first cooled to 20° to 30° F. by pumping through pipes surrounded 
by cold brine, thereby causing the paraffin wax (amounting to about 
10% of the distillate) to solidify. This solid 10%, mixed with the 
90% Uquid oil, forms a soft mush which is pumped through a filter 
press. That which stays in the press is called the slack wax and 
amounts to about 20% of the paraffin distillate. The 80% that goes 
through is called pressed distillate. The slack wax, consisting of 
about equal parts of oil and wax, is then put through a process pe- 
culiar to the oil business, known as the sweat'ng process. It con- 
sists of cooling the mixture until it has become a solid cake and then 
very gradually warming it. The crystals of the paraffin form a net- 
work through which the oil is distributed and when the mass is 
wanned the oil sweats out and drips away. It always carries with 
it some wax in solution, but the final result is that the oil all sweats 
out leaving the paraffin wax in a fairly pure state. 

This sweating process separates the slack wax into crude paraffin 
wax and what is known as Foots Oil. The latter still contains much 
paraffin, which is removed by putting it again through either the cold 
pressing or sweating process. 

The crude paraffin wax is then put through another process that is 
peculiar to the oil business, that of Clay or Bone Black percolation 
for the purpose of removing asphaltic coloring matter and thereby 
changing the crude paraffin to refined colorless paraffin. The clay 
used for this purpose has properties similar to those of bone black. 
i, e., it absorbs and retains tar;y and asphaltic compounds. It is 
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found in Florida and Georgia where it is mined, roasted, broken up 
and sifted to separate grains such as you see here. It is very porous 
and light, weighing only about 2-3 as much as water. This clay, or 
fuller's earth as it is commonly called, is put into large upright 
cylinders holding 10 or 20 tons and provided with a finely perforated 
bottom. The crude wax is melted and poured on top of the clay. 
It trickles down through the clay bed and passes through the per- 
forated bottom. The first drippings from such a filter bed are abso- 
lutely colorless, but as the filtration progresses, the color becomes 



FiQ. 4. Sweater. 

more and more like crude wax. A ton of clay >'ields 5 or 6 tons of 
first quality paraffin wax. The amount of asphalt or coloring matter 
retained by the clay is exceedingly ^mall and is removed by burning 
the clay in a cement kiln of the usual type, thus regenerating the clay 
for subsequent use. 

I have explained that the paraffin distillate is the source of paraffin 
wax and light lubricating oils and have explained the various steps 
in the preparation of paraffin. The light lubricating oils are made 
from the filtrate from the cold presses — the pressed paraffin distillate — 
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by putting it through the process of fractional distillation, thereby- 
separating it into a distillate of light oils that go to make up the 
gas and fuel oil stock and a residue in the still called paraffin oil 
stock, representing from 15% to 50% of the charge of the still de- 
pending on the quality desired. 

This type of distillation is also peculiar to the oil business. The 
desired product is a heavy oil so that all cracking must be avoided 
in order to produce the maximum yield of this oil. The result is 
accomplished by using the very important process of distillation 
with bottom steam or fractional distillation. A still is charged with 
the pressed paraffin distillate and fires are lighted. The temperature 
in the still rises and when it has reached about 400° F., the distilla- 
tion begins. Shortly after this the live steam is injected into the 
oil in distillation through perforated pipes placed near the bottom 
of the still. No water accumulates in the still because the tempera- 
ture is so high. The steam passes upward through the oil as an 
inert gas and passes through the condenser with the oil vapors and 
is condensed there with the oil. The effect of this current of steam 
through the oil is exactly that of a vacuum distillation, i, e., it lowers 
the boiling point of the oil in distillation and allows a heavj^ oil to 
be distilled at temperatures below the temperature of destructive 
distillation. You will notice that cracking sets in at about 630° F. 
Without the use of steam, the distillation in question would require 
that the still be heated to about 750° F. This would result in the 
destruction of the desired oil. With steam it can be carried on with a 
maximum t^'mperature of 600° F., thus entirely avoiding destructive 
distillation. 

The Paraffin oil stock is a dark colored unattractive looking mater- 
ial which is transformed into the valuable paraffin oils of commerce 
by treating with sulphuric acid in the manner already described. 
The treating loss in this case is from 10% to 30%. The whole cracking 
process described thus far is designed to produce the maximum 
yield of gasoline and lamp oil from crudes containing asphalt. 

We will now turn to the method of refining the light colored non- 
asphaltic crude oils from which the valuable Cylinder oils may be 
made. The object in this case is to avoid all destructive distillation 
in order to produce the maximum yield of the very heavy lubricating 
oils. The still is charged with the crude oil, fires are lighted, the 
•crude naphtha is distilled off as in the other distillations, but when 
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the temperature is well above the boiling point of water, steam is 
injected into the oil as before described. Under these conditions, the 
crude naphtha has distilled off when the temperature in the still has 
reached about 285° F., while without steam the still temperature 
was about 375° F. The yield from this kind of Crude is about 13%. 
The heating is continued, more and more steam being injected, the 
distillate becoming heavier and heavier until the heavy crude naphtha 
has distilled off. At this point, the temperature in the still has reached 
about 330° F., while without steam at this point the temperature 
was 475° F. The yield of this oil is about 13%. The distillation is 
still continued until the natural lamp oil distillate has distillated off. 
At this point, the temperature in the still is only 500° F., while with- 
out steam it was 630° F. Now instead of trying to induce cracking 
by slowing the rate of distillation, the amount of steam is increased 
and the distillation is carried on as fast as possible to avoid cracking. 
This is continued until the lubricating distillate, amoimting to about 
28% of the crude, has distilled over. At this point the temperature 
in the still has reached about 620° F., and the distillation is stopped, 
leaving the cylinder oil stock in the still. You will recall that in 
the cracking process the temperature in the still reached 850° F., 
and yielded a residue in the still of solid coke. This whole distilla- 
tion has been conducted in such a manner as to produce the best 
quality and largest yield of this residual oil, the source of all steam 
cylinder oils. 

The various fractions from the stills are put through exactly the 
same processes as the corresponding fractions from the cracking 
distillation, except the lubricating distillate. The crude naphtha 
and the crude heavy naphtha are fractioned and some of the dis- 
tillates treated with acid. 

The lamp oil distillate is treated with acid as before described. 
The lubricating distillate, amounting to about 28% of the crude, is 
put through the same process for the removal of wax and gas oil that 
the paraffin distillate was put through, the only difference being that 
the resulting lubricating stocks are not usually treated with sul- 
phuric acid, but are brought to the desired color by percolating 
through fuller's earth to produce the neutral spindle oils of commerce. 

The cylinder stock remaining in the still, and amounting to 8% to 
13% of the crude oil, is ready for shipment as unfiltered cyUnder oil. 
Or it may be percolated through clay to produce the filtered oils of 
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commerce. In order to show the wonderful effects of fuller's earth 
on the color of oils, I have selected a series of samples showing (1) 
cyUnder stock that was pumped into the filter, (2) the first oil that 
percolated through, (3) a sample when the percolation was half 
completed, and (4) a sample at the end of the percolation. At this 
point the clay must be restored. 

You will notice that I have described the cracking distillation of a 
mixecj base crude and the fractional distillation of a paraffin base 
crude. Now, what would result if the mixed base crude had been 
put through the process of fractional distillation? The crude naph- 
tha would of course distill off, then the crude heavy naphtha, then 
the natural lamp oil, then a distillate containing wax and lubricating 
oil corresponding to the lubricating distillate, leaving in the still a 
residue consisting of a soft pitch and amounting to about 15% of the 
crude oil. The maximum temperature in the still would be about 
630*^ F. This residue has the property of being vulcanized by the 
action of air at about 500° F., or by sulphur at about 400°-450° F. 
This process is carried on in a still and consists in heating the residue 
to the desired temperature and pumping air through the mass for 1 
to 2 days depending on the hardness desired. The resulting hard 
pitch is the petroleum road binder of commerce. 

DISCUSSION 

Mr. Irish. — I do not believe that I couJd attempt to say very much in 
opening this discussion, except that those of us who spend our time in the 
industry described in Mr. Robinson's paper realize that it has been very 
ably put before you; it has been very lucid and very concise. He has 
been dealing with a difficult subject to present even to an audience of 
engineers and chemists, and while it may not have, in all its details, appealed 
to those who are not versed in the art, it has been the very best exposition of 
the subject that I have ever heard. I shall be glad to assist Mr. Robinson in 
the discussion and answer any questions that may come up touching the prac- 
tical side of the operation, while he will attend to the chemical side. 

Mr. Price. — Is the future supply of fuel oil or gasoline going to decrease as 
you continue those different methods of distillation? Also, is the Mexican crude 
oil, which I understand is on the market now in New York, going to be con- 
verted by the same general method of distillation, or \Nill that be available for 
some years to come only as fuel? 

Mr. Irish. — The supply of gas and fuel oils must necessarily be a fimction 
of the crude oil production of the world. While the amount of crude oil pro- 
duced has within the past few years been greater than at any other time since 
the discovery of petroleum, and consequently indicates an ever increasing supply, 
we are at present and have been for the last two or three years, suffering from a 
falling off in our production. We are informed that the crude oil stocks in the 
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United States, east of the Rocky Moimtaiiis, are decreasing at the rate of about 
40,000 barrels a day. That means to us that the supply has fallen off and the 
demand has increased, until the demand has overtaken the production, and we 
are drawing on accumulated stocks, and so long as that continues, exhaustion 
of the supply of gas and fuel oil will of course come nearer. But the supply of 
those oils has been supplemented by the Mexican crude to which Mr. Price 
referred. In Mexico, as in California, there are great deposits of petroleum, 
which as yet have only been explored in a very superficial manner. We are 
told that at the present time the bulk of the Mexican petroleum is being pro- 
duced from only two wells located about 150 miles apart. One of these wells 
will flow naturally, if allowed to, at the rate of 37,000 barrels of oil a day, and 
the other one is shut in, with possibly a similar capacity. The Mexican crude 
is new to the refiner, and it would be unsafe and unwise to predict what can be 
made from it. We know it has an asphalt base, and is limited in possibilities 
to the production of those things Mr. Robinson has described as being peculiar 
to the asphalt base crude oil. It means that a large proportion of such crude 
oil will find its way into the fuel oil market as rapidly as it can be brought into 
this country and used. 

Mr, Price. — In the steam distillation, about what is the lowering in temper- 
ature that you obtain — about 100** F.? 

Mr. Robinson. — More than that, about 150** F. 

Mr. Price. — Well, when the natural lamp oil is distilled off with a cracking 
distillation, it would be about 630**, and with the natural lamp oil from the 
fractional distillate I think it is about 450**. Do you use a vacuum and save 
the steam? 

Mr. Robinson. — Yes. 

Mr. J. C. Parker. — I would like to inquire what is the longest pipe line used? 

Mr. Irish. — The pipe line system is complete from Oklahoma to the Atlantic 
coast, so that Oklahoma crudes are distributed in New York, Philadelphia and 
Baltimore. The experience ^lith the pipe lines in California I can not describe 
with any accuracy at all, as I know but little more than the other members of 
the Club. There was a device, as referred to, attempted for handling those 
crude oUs which were semi-solid as they came from the ground, and it was in 
part at least successful. 

Q. — I understand there is quite a lot of gasoline in natural gas wells. 

Mr. Robinson. — The gas that comes with certain crude oils is technically 
speaking very wet, that is, it is very rich in hydrocarbons, such as pentane and 
butane. They separate those products and mix them successfully with heavier 
hydrocarbons in the refinery to produce gasoUne. I do not know the amoimt, 
but I would say there is between 1,000 and 3,000 barrels a day. 

Mr S. M. Swaab. — Is this cylinder oil used without any admixture of animal 
oil in the cylinder? 

Mr. Robinson. — Yes, the oil is a pure mineral oil. Certain users insist 
there shall be a small amount of animal or vegetable oil mixed with their steam 
cylinder oils, but it is never put in unless specified by the user. 
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JOHN FRITZ 

(Honorary Member) 

Elected to Membership May 4, 1901 

Died February 6, 1913 

The industries at Bethlehem temporarily suspended operations, 
stores were closed, schools dismissed, and the entire community 
joined in showing respect to the memory of John Fritz, when his 
body was conveyed to its last resting place on February 12th, 1913, 
escorted by the entire student body of Lehigh University. Men 
prominent in the engineering profession, in technical societies, in 
advanced education, in financial, industrial, mercantile, manufac- 
turing and transportation interests from various parts of the country 
gathered at Bethlehem to attend the funeral. 

This assemblage was not to recognize the achievements of a great 
general or a noted admiral, a distinguished judge, a prom'nent mer- 
chant or one who had won political preferment, but it was a tribute 
of respect and esteem for an American citizen, who from a most 
modest beginning had as an engineer won recognition by honors 
such as few have received and whose personality caused him to be 
loved by all with whom he came in close contact. 

The ninety-one years of life alloted to John Fritz covered most of 
the industrial development of the United States, for at his birth in 1822 
transportation was largely confined to vehicles drawn by horses, the 
canal system being in its infancy and railroads a novelty. Iron was 
then made only by the use of charcoal in forge fires or in blast fur- 
naces whose average yearly output is represented by the daily pro- 
duction of modern furnace plants. Manual labor, supplemented by 
that of animals and by water power, were employed in producing 
and fabricating metal. But in his life John Fritz was conversant 
with all the steps in the advance of the transportation problems up 
to the great vessels which plow the waters of the oceans, lakes and 
rivers, to the railroads whose powerful locomotives and metal cars 
travel on 100 pound rails at phenomenal speed, carrying millions of 
passengers and millions of tons of freight. It was his privilege to 
observe the iron industry of his youth, which in the United States 
was then gauged by tens of thousands of tons, reach proportions where 
the annual product is measured in tens of miUions of tons; and he saw 
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manual and animal labor displaced by power generated by the con- 
simiption of wood, coal, oil or gas; or the potentiality of falling water 
transformed into electrical energy for illumination and for operating 
industrial plants and railways. The introduction of the Bessemer, 
the open hearth and the electric steel processes, the continuous mills 
and all the manifold mechanical devices which have brought the iron 
and steel industry to its present controlling position, passed in re- 
view before his phyiscal vision, some of these developing from his 
fertile brain. 

The transit from the boy driving a horse to pull a canal boat to 
the engineer and iron master who had received recognition by medals 
from the elevation to office in numerous scientific and technical so- 
cieties demonstrate what may be accomplished by one without tech- 
nical training who utilizes his best efforts and applies himself with a 
definite pm-pose. 

While John Fritz won these honors and recognitions by his ability, 
persistence and industry, he realized the assistance of technical 
training, and his services as a trustee of Lehigh University and his 
beneficence in erecting a mechanical laboratory and providing for its 
maintenance, representing probably $250,000, demonstrated his 
desire to give to others help which he had been unable to secure. 



FRANK BURNS 

Elected to Active Membership 
October 17, 1908 

After an illness extending through four months, during which 
he showed remarkable uncomplaining patience, Frank Burns died on 
the eleventh of March. 

He was bom in Philadelphia in the year 1844, the son of the late 
Charles Marquedant Burns and his wife, Eliza van Dyke, whose 
maiden name was Rousseau. 

He attended classes at the Episcopal Academy and at the Uni- 
versity of Pennsylvania, then on Ninth Street, where the Post Office 
now stands, leaving at the close of the Junior year (Class of '62). 
Soon after, he enlisted in the Fifteenth Pennsylvania Cavalry 
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(*' Anderson Troop *') United States Volunteers, and was present at 
the Battle of Antietam. For a time he was in business in New York 
and afterwards in Philadelphia. For the past fifteen years he has 
been a faithful employe of the Survey Bureau of the City of Phila- 
delphia, mainly as draftsman and designer in the Bridge Depart- 
ment, where he was recognized as an indefatigable worker and an 
expert in perspective. 

He was of a most kindly and retiring disposition, having a great 
aversion to social prominence. He was unmarried. He was a member 
of St. Andrew^s Society, the Naval Order, Manufacturers' Club, 
the Engineers* Club of Philadelphia, the Alumni Society of the 
University of Pennsylvania and the Geographical Societies of 
Washington and of Philadelphia. 



EUGENE E. DUNLAP 

(Active Member) 

Elected to Membership December 7, 1907 

Died January 16, 1913 

Eugene E. Dunlap, son of the late Charles W. and 
Elizabeth B. Dunlap, was bom at Philadelph'a, March 
9th, 1878. 

He was educated in the public schools, graduated from 
the Philadelphia Central High School in 1897, and Univer- 
sity of Pennsylvania, in 1901. 

In September, 1901, he associated himself with the 
N. Z. Graves Co., manufacturers of paints, varnishes, 
etc., as a chemist, and remained with them until his death 

Mr. Dunlap was a member of the Priestly Club, Ameri- 
can Chemical Society and the Engineers' Club of Phila- 
delphia. 

Mr. Dunlap was a contributor to the "American 
Chemical Journal, " and other scientific publications. 
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PAPERS SCHEDULED FOR THE SPRING TERM 

The meetings committee beg to amiounee that the following papers 
have been scheduled for the spring term: 

April 5 — The Panama Canal 

— By Rear Admiral C. M, Chester (Retired) 

April 19 — High Pressure Fire Service 

— By John E. Codman 

May 3 — Transportation 

— By Lt. Col, Jos. E. Kuhn, U. S, A, 

May 17 — Public Utility Regulation in Wisconsin 

—By Prof. W. D. Pence 

June 7 — Suction Gas Producer Engine vs. Compound Con- 
densing Corliss Crank and Fly Wheel Pumping 
Engine 

— By J, E, Gibson {Active Member) 
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ANNUAL REPORT OF THE BOARD OF DIRECTORS FOR 

THE FISCAL YEAR, 1912 

January 25, 1913. 

To the Members of the Engineers^ Club of Philadelphia: 

The Board of Directors herewith presents its report for the year 
ending December 31, 1912, as follows: 

Eighteen stated and two special meetings of the Club were held^ 
at which the maximum attendance was 205 and the average 86. 
Nine regular, two adjourned and two special meetings of the Board 
of Directors were held. 

The summary of membership on December 31, 1912, as compared 
with the summary of December 31, 1911, is as follows: 

1911 1912 

Class Residenf. Non-Residenf. Tofal. Resident. Non-Residenf, Total, 

Honora y 2 2 4 1 2 3 

Active 361 92 453 351 107 458 

Associate 59 7 66 61 7 68 

Junior 52 12 64 61 9 70 



474 113 587 474 125 599 

Thirty-four active, five associate and twenty-eight junior members 
were elected; two associate members were transferred to the active 
grade, twelve juniors to the active grade and four juniors to the as- 
sociate grade; five active, one associate and one honorary member 
died; twenty-seven active, two associate and five junior members 
resigned; twelve active, one associate and one junior member were 
dropped from the rolls, and one active member was reinstated to mem- 
bership. 

The record of deaths is: Melbourne E. Davis, active member, died 
December 22, 1911 ; W. C. Wetherill, active member, died January — ^ 
1912; C. H. Ott, active member, died January 4, 1912; Charles L 
Young, active member, died January 6, 1912; Francis J. Drake, 
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associate member, died February 7, 1912; George W. Melville 
honorary member, died March 17, 1912; H. W. Spangler, active 
member, died March 17, 1912. 

Two social entertaimnents were held during the year. A recep- 
tion and dance was held on May 10, 1912, the expenses of which were 
met by subscription, and a smoker on November 9, 1912, the ex- 
penses of which were defrayed from the Club funds. Both of these 
fimctions were well attended and successful in every way. 

Attention is called to the excellent financial condition of the Club. 
While the net gain is less than in 1911, it is due to the fact that prac- 
tically all of the uncoUectable debts have been eliminated, leaving the 
accounts receivable of $3,792.83 a very good asset. Both the tech- 
nical and financial status of the Club are better than at any other 
time in its history. 

The Club is rapidly becoming the technical center of Philadelphia, 
as the Phila. Chapter Amer. Inst. Elec. Engineers, Phila. Chapter 
Amer. Soc. Mech. Engineers, Phila. Chapter American Chemical 
Society, Municipal Engineers of the City of Philadelphia, Delaware 
River Society of Marine Draftsmen and the Aero Club of Pennsyl- 
vania are holding meetings in the Club house. The members of 
the Engineers' Club are always welcome at any of the meetings of 
these societies, thus giving them an opportimity to come in contact 
with these various technical activities. 

The following papers have been presented before the Club: 

January 6 — '* Propulsive Machinery and Oil Fuel in the U. S. 
Naval Service. '' Capt. C. W. Dyson, U. S. N. 

January 20 — ** Sub-aqueous Tunneling.'' Henry Japp. 

January 27 — "Dock Facilities in New York City; Present Facili- 
ties, Proposed Improvements and Extensions." W. J. Barney, 
Deputy Commissioner, Dept. of Docks, New York City. 

February 3 — Annual Address — "Ostwald's Energetics as a Moral 
Force and Law," and "Ives' Colorimeter and Color Photography." 
President Henry Hess. 

February 10 — "Hydraulic Gold Mining in British Colimibia." 
Howard W. DuBois. 

February 17 — "The Development of Roentgenology." H. Clyde 
Snook. 

March 2 — "Smokeless Powder and High Explosives for Military 
Uses." Lt. Col. Odus C. Homey, U. S. A. 
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March i^— "Stellar Evolution." Dr. John A. Brashear, of Pitts- 
burgh, Pa. 

April 6 — "Recent Improvements in Street Pavements." George 
W. Tillson. 

April 20— ''The Gas Producer." H. E. Longwell, Consulting 
Engineer, Westinghouse Machine Co. 

May 4 — " The Engineer in His Relation to the City Plan. " Nelson 
P. Lewis, Chief Engineer, Board of Estimate and Apportionment, 
New York City. 

May 18— ''The Significance of The Middle Third,'" and "The 
Behavior of Cast Zinc Under Compression." John C. Trautwine, 

Jr. 

June 1 — "The Queen Lane Filtration Plant." S. M. Swaab. 

September 21 — "The importance of Meteorological Data in Ekigi- 
neering. " George S. Bliss, Director, Climatological Service of Penna. 

October 6 — "The Exhibition for the Abatement of the Smoke 
Nuisance Held in London, Spring of 1912, " George H. Perkins, of 
the Lowell Institute of Technology. "Methods and Means of Smoke 
Abatement, " O. R. McBride, of the University of Pittsburgh. 

October 19 — "The Development of Separately Moulded Structural 
Concrete." C. D. Watson. 

November 2 — "Sanitary Protection of the Water Supplies Taken 
from the Great Lakes. " Prof. G. C. Whipple. 

November 16 — "The Mechanics of the Aeroplane." Henry M. 
Neely. 

December 7 — "The Planning of City Streets." B. A. Haldeman, 
Engineer, General Plans Division, Survey Bureau, Philadelphia. 

December 21 — "Manufacture of Petroleum Products." F. C. 
Robinson, Chief Chemist, Atlantic Refining Company." 



FINANCIAL REPORT 

Statement of Assets and Liabilities as at December 31 ^ 1912 

Assets 

Cash — Colonial Trust Co. — Active Account $329.25 

Colonial Trust Co. — Interest Account 1,615.00 

In Office 549.09 

S 2,493.34 

Accounts Receivable Members' Ledger 3,792.83 
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Inventory of Supplies on Hand 

Wines and Liquors 267.37 

Cigars 174.15 

Fuel 26.12 

Restaurant Provisions 143.40 

House 50.43 

661.47 

Property 

Building No. 1317 Spruce Street 72,850.00 

Furniture and Fixtures — House 9,181.69 

Furniture and Fixtures — Restaurant 1,330.84 

Library 2,100.00 

85,462.53 

Insurance 

Perpetual on Club House 1,782.00 

Unexpired on Furniture 7.86 

1,789.86 

Miscellaneous 
F. H. Stier, Treasurer 153.50 

Total Assets $94,353.53 

Liabilities 

Accounts Payable $ 3,292.72 

Bills Payable— Building Account $8,100.00 

Bills Payable— Regular Account 1,500.00 

9,600.00 

First Mortgage Payable 40,000.00 

Second Mortgage Bonds 25,250.00 

65,250.00 

Accrued Interest — First Mortgage . 1,080.00 

Accrued Interest — Second Mortgage Bonds 1,615.00 

2,695.00 

Link Belt Company, Second Mortgage Bond Account 529.58 

Trustees of Bond Redemption Fimd 36.20 

Appropriation from Junior Section to Library Committee 203.49 

Christmas Fund 

Balance, January 1, 1912 $60.00 

Contributions, December, 1912 285.50 

345.50 

Disbursements, December, 1912 246.50 

99.00 
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Capital Account 

Surplus as at January 1, 1912 11,422.28 

Reserve for Redemption of Second Mortgage Bonds, Link 

Belt Co. Account 295.42 

11,717.70 
Suspense Account, UncoUectable Accounts Previous to Janu- 
ary 1, 1912 695.87 

11,021.83 
Gain for year 1912 as per Statement of Income and Expense . 1,625.71 

Surplus as at December 31, 1912 12,647.54 

$94,353.53 
Statement of Income and Expense, Year Ending December 31, 191 S. 

Income 

Dues—Net $16,126.59 

Initiation Fees 1,370.00 

PUBUCATIONS 

Advertising — Directory $410.00 

Advertising — Proceedings 527.35 

Sales — Directory 2.50 

Sales — Proceedings 103.70 

1,043.55 

Miscellaneous 

Badge Sales 26.00 

Excess and Deficiency of Cash 50 

Interest on Deposits, Active Account 18.46 

Interest on Deposits, Interest Account 3.61 

Reprint Sales 27.00 

Telephone Receipts 162.28 

237.85 

Club House Business 

Billiards and Pool Sales 219.62 

Cigar Sales 2,419.10 

Lodging 3,684.73 

Rent of Meeting Room 334.00 

Restaurant Sales 9,152.08 

Wine Sales 1,329.09 

17,138.62 

Total Income Year Ending December 31, 1912 $35,916.61 
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E}XPENSE8 

Salaries and Wages 

Manager's Salary, May 1 to Dec. 31 $1,200.00 

House Salaries and Wages 3,217.45 

Office Salaries 2,750.70 

Restaurant Salaries and Wages 4,574.22 

$11,742.37 

Expense 

House Expense 1,137.91 

Office Expense 427.75 

Directors' Expense 20.25 

Library Expense 61.40 

1,647.31 

PXJBUCATIONS 

Directory Publishing 320.19 

Proceedings Publishing 1,076.67 

1,396.86 

Miscellaneous 

Badge Purchases 13.55 

By-Laws Revision 53.30 

Entertainment Committee 167.50 

Fuel Purchases $544.70 

Inventory Jan. 1, 1912 18.20 

$562.90 

Inventory Dec. 31, 1912 26.12 

536.78 

Gas and Electricity 1,189.68 

Insurance 51.00 

Meetings Committee 550.00 

Memba*ship Committee 133.81 

Reprint Purchases 26.50 

State Tax on Bonds 101.00 

Taxes and Water Rent 943.00 

Telephone Expense 363.78 

Club Luncheons 354.00 

4,483.90 

Interest and Discount 

Interest on First Mortgage 2,160.00 

Interest on Second Mortgage Bonds 1,262.50 

Interest on Building Fund Notes 425.81 

Discount on Notes 15.00 

3,863.31 
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Clxtb House Business 

Billiards and Pool Purchases $ 28.74 

Cigar Purchases 2,027.25 

Wine Purchases 1,036.01 

3,092.00 

Restaurant Expense $ 835.41 

Restaurant Provision Purchases 7,303.82 

8,139.23 

$11,231.23 

Inventory, December 31, 1912 

Cigars $174.15 

Restaurant Provisions 143.40 

House Supplies 50.43 

Wines and Liqours 267.37 

635.35 

Inventory, December 31, 1911 

Cigars $195.57 

Restaurant Provisions 103.19 

Wines and Liquors 262.51 

561.27 

Deduct Increase in Inventory . 74.08 

Expense of Club House Business 11,157.15 

Total Expense 34,290.90 

Net Gain for Year 1912 $ 1,625.71 

Respectfully submitted, 

F. H. Stier, Treasurer. 

Audited and found correct. 

Stockton Bates, C. P. A., 

For Stockton Bates & Sons, 

The following is the report of the Trustees of the Bond 
Redemption Fund: 

Fifth Annual Report of the Trustees of the Bond Redemption Fund. Being a 

Statement of BuMnessfor the Year 1912. 

Receipts 
1912 

January 1, Balance from 1911 $33.20 

January 1, Refund of Box Rent 3.00 

$36.20 
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Expenditures 

October 17, TraDBferred to Treasurer o* Club, Temporarily Closing 

Account , $36.20 

The Trustees hold no negotiable securities. 

Henry Leffmann, 
Edwin F. Smith, 
Edgar Marburg, 

Trustees, 

Respectfully submitted, 

THE BOARD OF DIRECTORS, 

Henry Hess, President. 
W. P. Taylor, Secretary. 
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ABSTRACT OF MINUTES OF THE CLUB 

Regular Meeting, January 4th, 1913 

The meeting was called to order at 8:35 P. M., with 75 members and visitors 
in attendance. The minutes of the Business Meeting of December 21st were 
approved as printed in abstract. 

Mr. E. M. Nichols announced that Mr. W. L. Plack had withdrawn his name 
as a candidate for President. 

Mr. Morris Knowles presented the paper of the evening, entitled, "Wise Utili- 
zation of the Water Resources of Pennsylvania, *' which was discussed by Messrs. 
John C. Trautwine, Jr., and J. E. Gibson. 

On motion of Mr. Trautwine a vote of thanks was extended to Mr. Knowles for 
his paper. 

Business Meeting, January 18th, 1913 

The meeting was called to order at 8:30 P. M., with 75 members and visitors 
in attendance. The minutes of the Regular Meeting of January 4th were ap- 
proved as printed in abstract. 

The following were reported as having been elected to membership by the Board 
of Directors at thei.' meeting of January 16th, 1913: Active, John A. Coyle and 
Walter Dalton; Associate, John C. Bartlett, Hen y Franz and George Wood; 
Junior, William F. Carson and W. A. Sloan. 

Dr. George Otis Smith, Director of the U. S. Geological Survey, presented the 
paper of the evening, entitled * * The Engineer's Interest in Public Land Questions,'' 
which was discussed by Messrs. W. F. Ballinger, E. M. Nichols, H. W. DuBois, 
Dr. H. M. Chance, Dr. Carl Hering, W. C. Furber, A. E. Lehman, John C. Parker, 
P. A. Maignen, R. G. Develin, H. C. Berry and S. M. Swaab. 

On motion of Mr. Hutchinson a vote of thanks wa ; extended to Dr. Smith for 
his paper. 

Thirty-Fourth Annual Meeting, February 1. 1913 

The meeting was called to order at 8:45 P. M. by President He s, with 125 
members and visitors in attendance. The minutes of the Business Meeting of 
January 18 were approved as printed in abstract. The Annual Report of the 
Board of Directors was presented and approved. 

it was moved and imanimously carried that the next meet ng be made a Busi- 
ness Meeting, to discuss the question of revision of the Charter. 

President Hess, after relinquishing the chair to Vice-President Mebus, delivered 
his farewell address. 

The tellers announced that 150 legal ballots had been cast, and the following 
were elected as oflScers of the Club for 1913: 

President, W. P. Taylor; Vice-President, S. M. Swaab; Secretary, E. E. Krauss; 
Treasurer, J. Reese Bailey; Directors, J. E. Gibson, Manton E. Hibbs, H. Clyde 
.Snook, F. K. Worley. 
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Business Meeting, February 15, 1913 

The meeting was called to order at 8:25 P. M., by President Taylor, with 98 
members and visitors in attendance. 

The following action of the Board of Directors, taken at their meeting on 
February 13, 1913, was reported: 

Mr. Wm. Copeland Furber was imanimously elected to fill the vacancy in the 
Board of Directors caused by the election of Mr. S. M. Swaab to the Vice-Presi- 
dency. 

The Secretary reported the following deaths: 

Eugene E. Dunlap, elected to active membership December 7, 1907 who died 
January 16, 1913. 

John Fritz, honorary member, elected May 4, 1901, who died Februa y 13, 
1913. 

On motion the President was instructed to appoint a committee to prepare 
a memoriam on the death of John Fritz, honorary member. The president 
appointed the following committee: John Birkinbine, Edwin F. Smith, Joseph 
T. Richards and J. Chester Wilson. 

The Secretary announced the election by the Board of Directors at their meeting 
on February 13, 1913, of the following new members: 

Active Members — C. Willis Adams, H. Bruce Armstrong, Horace C Dickey, 
Henry J. Edsall, Robert H. Femald, Erskine Hazard, Walter S. Hine, Joseph A. 
MacLennan, Horace E. Rice, Coleman Sellers, Jr.; James Smith Watson, R. 
Wayne Wetherill. 

' Associate Members — Joseph W. Breen, Charles E. Cobum, J. Richard Jackson, 
Leslie S. McPherran, Richard G. Ward. 

Junior Members — Charles D. Williams. ' 

The question of the revision of the Charter was discussed and the following 
resolution unanimously adopted: 

Resolved, That the Board of Directors be authorized to obtain a Charter, which, 
while preserving the intent of the present Charter, will eliminate its inconsis- 
tencies. 

Mr. Manton E. Hibbs, active member, presented the paper of the evening, 
entitled "The Unwritten Law," which was discussed by Messrs. E. M. Nichols, 
W. C. Furber, W. F. BaUinger, E, Perrot, H. H. Quimby, John C. Trautwine, Jr. 
and D. E. Dallam, Chairman of the Legislative Committee of the Real Estate 
Brokers' Association. 

Regular Meeting, March 1st, 1913 

The meeting was called to order at 8:45 P. M. by Vice-President Swaab, with 
80 members and visitors in attendance. The minutes of the meeting held on 
February 15th, 1913, were approved as printed in abstract. 

Mr. Francis Donaldson, Chief Engineer, T. A. Gillespie Company, New York, 
N. Y., presented the paper of the evening, entitled, "The Sinking and Lining of 
Shafts," which was discussed by Messrs. EU T. Conner, H. M. Chance, W. C. 
Furber and S. M. Swaab. 

A vote of thanks was extended to Mr. Donaldson for his interesting paper. 
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ABSTRACT OF MINUTES OF THE BOARD OF 

DIRECTORS 

Regular Meeting, January 16th, 1913. — Present: President Hess, Vice-Prtei* 
dent Mebus, Directors Worley, Vogleson, Berry, the Secretary and the Treasurer. 
Dr. Henry LefTmann, Chairman of the Trustees of the Bond Redemption Fund, 
was present, upon request, in order to advise the Board relative to the establish- 
ing of a special sinking fund for bond redemption. 

The Treasurer's Annual Report, certified to by the auditors, was read and 
approved. 

The Secretary's report and the annual report of the Board of Directors ware 
read and approved. 

The following resignations were read and accepted: W. K. Martin, C. W. 
Simon, R. H. Klauder, C. D. Ehret, John Meigs, S. E. Fairchild, Jr., R. K. Shep- 
pard, Philip L. Spalding, George L. Thompson, J. A. Colby, J. O. Clarke and A. 
J. Menocal. 

Mr. E. M. Bassett was reinstated to membership as of July 1st, 1912. 

On motion, the Secretary was instructed to draft a set of resolutions in regard 
to Mr. Hewitt's resignation, and transmit the same to Mr. Hewitt, with a letter. 

Reports of the Publication Committee, House Committee, Library Committee 
and Committee on Public Relations were presented and approved. 

The Membership Committee's report was read and approved, and the following 
were elected to meifeership: 

Active: John A. Coyle and Walter Dalton. 

Associate: John C. Bartlett, Henry Franz and George Wood. 

Junior: William F. Carson and W. A. Sloan. 

The report of the^usiness Manager was presented and approved. 

The matter of le|al quorum was reported by the special committee on this 
question, and the re^rt was accepted and the Committee discharged with thanks. 
The entire matter was then referred to Mr. Mebus, with authorization to ref^ 
the same to a competent attorney for his advice as to the legality of the various 
questions raised, report to be made at the next Board meeting. 

The Business Manager was authorized to negotiate a hability insurance with 
the firm of Hoskins and Howell, premium of $43.74 to be paid, covering a period 
of three years. 

It was moved and carried that the Manager's contract be continued. 

The Business Manager was instructed to secure, free of cost to the Club, ex- 
cept for the cost of installation, the loan of a meter for a month, to determine 
the Watt consumption of the pump. 

Upon report from the Manager regarding Mr. B. J. Sullivan's account, the 
Treasurer was ordered to cancel Mr. Sullivan's account from the books and strike 
his name from the rolls. 

It was moved and carried that the sum of $850.00 previously provided for 
(See minutes May 19, 1910) be increased, so that $500.00 in addition to the in- 
terest be applied for this purpose within the next three months. 
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It was moved and carried that the privilege of using the Club as a meeting 
place for outside organisations be restricted to technical and semi-technical 
organizations. 

It was moved and carried that the donation for the establishing of a sinking 
fund for retirement of second mortgage bonds be accepted with thanks, in 
accordance with the deed of gift as presented at this meeting. 

Organization and Regular Meeting, February 13th, 1913. — Present : Pres- 
ident Taylor, Vice-President Plack, Mebus and Swaab, Directors Hibbs, Gib- 
son, Yamall, Gilpin, Vogleson, the Secretary and the Treasurer. 

The vacancy in the Board of Directors caused by the election of S. M. Swaab 
to the Vice-Presidency was filled, in accordance with the By-Laws, by the unani- 
mous election of W. C. Furber, term to expire February, 1915. 

The following Committees were then appointed for the year 1913: 

Standing Committees 

Finance: J. A. Vogleson, Charles F. Mebus, S. M. Swaab, Henry Hess, J. M. 
Dodge. 

House: F. K. Worley, W. L. P]^k, J. A. Vogleson, G. F. Pawling, H. A. Moore. 

MemberBhip: Charles F. Mebus, R. G. Develin, H. C. Snook, H. H. Quimby, 
W. P. Dallett. 

Meetings: S. M. Swaab, B. A. Haldeman, D. R. Yamall, Wm. Easby, Jr., 
J. B. McCord. 

Publication: M. E. Hibbs, J. E. Gibson,- Richard GUpin, G. W. Hyde, E. M. 
Evans. 

Library B. A. Haldeman, H. C. Berry, W. C. Furber (Two to be appointed). 

Publicity: J. R. Bailey, D. R. Yamall, St. G. H. Cooke, G. T. Gwilliam. H. 
B. Allen. 

Advertising: M. E. Hibbs, J. E. Gibson, Richard Gilpin, G. W. Hyde, E. M. 
Evans. 

Special Committees 

Lantern: B. A. Haldeman, E. J. Dauner, H. E. Ehlers, A. D. Morris, Charles 
E. Bonine. 

By-Laws: S. M. Swaab, Charles F. Mebus, W. P. Dallett, Edwin F. Smith, 
Carl Hering, H. A. Moore. 

Art: W. L. Plack, David Halstead, George T. Gwilliam. 

Public Relations: H. H. Quimby, Edgar Marburg, A. C. Vauclain, Henry 
Leffmann, John C. Trautwine, Jr., Edwin F. Smith, Charles Hewitt, W. L. 
Plack, Charles F. Mebus, S. M. Swaab, Henry Hess, W. P. Taylor. 

The Temporary Membership Committee, consisting of Charles F. Mebus, S. 
M. Swaab and F. K. Worley, reported on the applications before the Board, 
and the following were elected to membership: 

Active — C. Willis Adams, N. Bruce Armstrong, Horace C. Dickey, Henry J. 
Edsall, Robert H. Feraald, Erskine Hazard, Walter S. Hine, Joseph A. MacLen- 
nan, Horace E. Rice, Coleman Sellers, Jr., James Smith Watson, R. Wayne 
Wetherill. 
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Associate — ^Joseph W. Breen, Charles E. Coburn, J. Richard Jackson^ Leslie 
S. McPherran, Richard G. Ward. 

Junior — Charles D. Williams. 

The resignations of £. H. Zieber and Stanley G. Child were accepted as of 
December 31, 1912. 

The report of the Business Manager was read and the following action taken 
on the matters presented: 

1. The Business Manager was authorized to dispose of the old typewriters and 
purchase a new one at a cost not to exceed the list price of $100.00, less whatever 
discount could be obtained. 

2. It was decided that letters relative to dehnquent accounts be sent out over 
the signature of the Treasurer, as in the past. 

3. The Business Manager was authorized to act as Trustee of the Christmas 
Fund, which was deposited in the Western Savings Fund Society, under ''J. 
M. Ritchie, Trustee." 

4. The question of the papering and painting of the meeting room was referred 
to the House Committee. 

The death of Mr. E. E. Dunlap was announced, and the Treasurer was ordered 
to strike off his dues for the first half of 1913. 

Copy of a letter sent by Mr. Henry Hess to Prof. Ira N. HoUis, President of 
the Engineers' Club of Boston, was read and ratified by the Board; and, on mo- 
tion, the Board extended the privileges of this Club to the Engineers' Club of 
Boston. 

Mr. E. P. Haines and Mr. William Vollmer were transferred to non-resident 
membership as of January 1, 1913. 

In view of the fact that the question of Revision of the Charter o: the securing 
of a new Charter is to be considered at the meeting of the Club on February 
15th, the President appointed Messrs. Charles F. Mebus, S. M. Swaab and J. 
A. Vogleson to constitute a Committee to proceed with this matter along the 
lines adopted by the Club at the next meeting. 

The Treasurer was instructed to prepare a hst of delinquent accounts and pre- 
sent the same at the next meeting of the Board. 

Regular Meeting, March 13, 1913. — Present: Pre3ident Taylor, Vice-Presi- 
dents Plack, Mebus and Swaab, Directors Develin, Gilpin, Vogleson, Haldeman, 
Yamall, Hibbs, Worley, the Secretary and the Treasiu-er. 

The President appointed the following to serve on the Library Committee: 
F. N. Morton, A. L. Magilton. 

Meetings Committee: W. C. Furber. 

The Chairmen of the Publication-Advertising Committee and By-Laws Com- 
mittee were authorized to make appointments to fill the vacancies in their Com- 
mittees. 

The Board elected the following members to serve as Tellers for the year 1913: 
E. J. Dauner, L. H. Kenney, G. Wise. 

The Treasurer reported a net gain to March 1st of $1,038.11, as compared with 
S68.19 for the same period of 1912. 

The resignation of W. J. Taggart was presented and accepted. 
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The House Committee's report was read, and the following action taken in 
connection therewith: 

Appropriation not to exceed $200.00 was made to the House Committee for 
the purpose of holding an Annual Reception during the month of April; and 
appropriation not to exceed $160.00 was made to the House Committee for the 
purpose of papering and repainting the meeting room. 

The Membership Committee presented its report and the following were elected 
to membership: 

Active — C. Burke Filbert, Edward C. Fish, William C. Greany, Donald B. 
Heilman, John H. Neeson, Joseph C. Rock. 

Associate — Frank B. Johnston, Jacob T. Swartz. 

Junior — Howard H. Demmert, William N. Edwards, Erie C. Herman, Charles 
C. Jones, Charles L. Downs, Carl A. Woerwag. 

Robert F. Runge was transferred from Junior to Associate membership. 

Reports of the following Committees were read and approved: Meetings, 
Publication-Advertising, Library, Public Relations and By-Laws. 

The report of the Business Manager was read and approved. 

The following members were dropped from the roll and their accounts charged 
into suspense: J. Kay Little, W. J. Spencer, P. H. Wilson. 

The following resolution was passed relative to securing an extension of time 
for the first mortgage: 

Resolved, that the President and Treasurer be and are hereby authorized to 
execute the agreement of extension of the first mortgage of $40,000.00 on the 
Club property for a period of three years from the twenty-sixth day of December, 
A. D., 1912. 

Captain St. George H. Cooke presented his resignation as a member of the 
Board of Directors, which was accepted with regret, and Mr. Henry Hess was 
unanimously elected to fill this vacancy, term to expire February, 1914. 

An appropriation of $203.49 was made to the Library Committee, this being 
the amount donated to the Club by the Junior Section. 

The Publication-Advertising Committee was instructed to publish in the coming 
Proceedings short memoriams of Frank Bums and E. E. Dunlap. 
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Paper Xo. 1123 

WISE UTILIZATION OF WATER RESOURCES 

OF PENNSYLVANIA 

By MORRIS KXOWLES, M. Am. Soc. C. E. 
Read January Jf, 1913. 

' Water as Wealth 

It is unfortunately true that frequent use of words, originally 
rich in meaning, ends by making them colorless. So there is danger 
that, in talking so much of the conservation of water resources, we 
may forget what omnipresent natural wealth water really is, and 
fall short of a full appreciation of the part that it plays in our lives, 
and of the tremendous riches this bounteous gift of nature repre- 
sents. 

Roughly, the amount of water that falls annually upon the sur- 
face of the State of Pennsylvania is 30,000 billion gallons, and 
probably half of this, or 15,000 billion gallons, leaves the State to 
find its way to the ocean through our three great river systems and 
a few minor channels. Of the remainder that evaporates into the 
atmosphere, to return to us again; or of the portion absorbed by 
the earth, joining the great subterranean reservoir, or making 
possible the sylvan beauty and agricultural wealth of our State, 

207 



208 Knowles — Utilization of Water Resources of Pennsylvania 

we do not now speak. Nor neeti we consider that this particular 
natural resource, unique and irreplaceable, forming 80 per cent, 
of the bodily tissue of each of us, and constituting an absolute 
non-8ubstitutive requirement, is of a value utterly incapable of 
expression in terms of wealth. 

It is worth while, however, to pause and contemplate what 
enormous wealth is represented to the imagination by the idea of 
complete, intensive use, throughout every year to come, of this 
15,000 billion gallons of water per year. A staggering idea, truly! 
and yet, let imagination run riot there for a moment. Conceive 



Fig. 1. Bad Ems, View Prom Park. 

Showing improved conditions on the Lahn River near its confluence with the 

Rhine; about 200 miles from the mouth of ihe Rhine. 

this great volume of water, controlled by the works of man for the 
benefit of the people of Pennsylvania. Imagine it protected in 
purity, flowing evenly throughout the year in smooth channels; 
bearing upon its surface everywhere, the commerce which such a 
condition would make possible; turning, with every ounce of its 
God-given power, the wheels to light and heat the homes, to pull 
the cars and trains, and to operate the industries of this com- 
munity. 
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Three hundred billion gallons would more than suffice for all 
the domestic, municipal and industrial needs of the entire popula- 
tion of the Commonwealth — and almost all of this might be re- 
turned to the streams for other uses without nuisance. In descend- 
ing from its point of precipitation to where it finally leaves the 
state, every drop of water gives up the quota of potential enet^ 
it has taken from the sun, amounting altogether to at least 3,500,000 
horse-power; enough to supply all the manufacturing industries, 
street railways, and central electric light and power stations in the 
Commonwealth! How many times the present total of 50,000,000 



Fio. 2. Communal Farming, Salt River Ihrioation Projelt; 

Tempe, Arizona, 

Rooeevelt Dam, constructed of cyclopcan-rubble-tiiBaonryi 340,000 cu. yds.; 

height, 280 ft.; capacity, 1,284,000 acre-feet; develops 4,400 

H. P. To irrigute 240,000 acres. 

tons of freight now transported annually on the water-ways of the 
state and borders, could be movetl, can only be vaguely imagined. 
Bacon was indeed right when he described rivers as "the richest 
mines above ground!" 

This, then, is the dream of the water conservationist in Penn- 
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sylvania. Fifteen thousand billion gallons of water a year to be 
harnessed by man to his purposes — all to be used in the ways that 
will most promote the public welfare, and none to leave the State 
until every particle of energy in it, capable of appropriation, has 
been taken. Thriving, healthy, populous communities, prosperous 
in industry, successful in commerce, living in peace and safety 
beside smoothly running water — true conservation! It is a dream 
of course; and complete utilization is admittedly impractical in 
the present. Yet we have seen man make the arid desert blossom 



• Ohio Hailro.\d Station, Phil; 
Waiting Room durinR the flood of March 1, 1912. 

as the rose; and where, in certain instances, he has applied his will 
to the problem, he has shown that he can enslave the torrent. 
Have we not reason to hope that much of our dream may come 
true, that this completeness of water utilization may yet be ap- 
proximated, if not reached? When that day comes, we may well 
join with Gibbon in the belief that, "The servitude of the rivers is 
the noblest and most important victory which man has obtained 
over the licentiousness of Nature." 
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The Other Side of the Picture 

How far we still are from the realization of this dream comes 
forcibly home to us when we turn from this pleasant picture to 
stern reality. How have we shown our appreciation of this wealth 
which nature constantly showers upon us? What are we doing 
to protect, control and utiUze this 15,000 billion gallons of water? 

If the author answers these questions chiefly with examples 
from Western Pennsylvania, he hopes you will understand that it 
is only because his work on the Engineering Committee of the 
Pittsburgh Flood Commission has familiarized him particularly 
with that section, and not because he does not realize that equally 
striking examples can be found in your own portion of the State. 

Floods in Pennsylvania — It is perhaps not too much to say that 
the average person in Western Pennsylvania looks upon this great 
natural gift as a devastating engine of destruction, rather than as 
one of the greatest blessings. This feeling, founded on a con- 
stant repetition of loss of life and property, reaching its chmax in 
the horrors of the Johnstown flood, may be said to have some 
foundation. Pittsburgh, alone, suffered $6,500,000 damage during 
three floods from March 15, 1907, to March 20, 1908, and 
$17,000,000 during the twenty years ending in 1907, and during that 
year the damage in the Ohio Valley was estimated at $100,000,000. 

The Susquehanna Valley has suffered almost as much as have 
we in the Western part of the State. A careful estimate of the 
direct loss due to the four floods in 1889, 1894, 1902 and 1904, 
amounts on the West Branch to $13,000,000, Williamsport and 
Lock Haven being the principal sufferers; on the North Branch to 
$1,800,000; and on the Main River above the state line to $700,000 
— a total for the basin of $16,500,000. You are, of course, familiar 
with the high water troubles in this section; and no doubt you 
recall the disastrous Passaic River floods of 1902 and 1903, causing 
a direct loss estimated at $10,000,000. 

Variation of Flow — In spite of all these enormous quantities of 
water going to waste and leaving death and destruction in their 
wake, one finds these same streams a few months away with insuf- 
ficient water for any useful purpose. 

The comparative high and low water flows of certain streams in 
Pennsylvania are shown in Table I: 
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TABLE I 

Comparative High and Low Flow Records of Certain Streams 

IN Pennsylvania 



Discharge (Sec. ft.) 



Name 




Stalion 


Shenango 




Sharon 


Kiskiminetas 




Avonmore 


Allegheny 




Kit canning 


Youghiogheny 




Connellsville 


Monongah^Ia 




Lock 4 


North Branch, 


Sus. 


Danville 


West Branch, 


Sus. 


Williamsport 


Susquehanna 




Harrisburg 


Schuylkill 




Fairmount 


Delaware 




Lambertville 



Maximum 


Minimum 


Ratio 


13,000 


200 


650 


80,000 


65 


1,200 


245,000 


850 


290 


62,000 


20 


3,100 


207,000 


160 


1,300 


305,000 


820 


370 


164,000 


410 


400 


700,000 


2,300 


300 


82,000 


370 


220 


250,000 


1,200 


210 



Effects of Low Water — Navigation — The troubles due to these 
low stages are nearly as serious and costly, though not so spectac- 
ular, as those due to floods. The low water flow of the Monon- 
gahela River (160 cubic feet per second) is only about two-thirds 
of the quantity necessary to operate the present locks at their full 
capacity, even without making any allowance for losses by evapora- 
tion and leakage. Similarly, the Youghiogheny, the improvement 
of which, at an estimated cost of $1,000,000, has already been 
authorized, cannot supply enough water at extreme low stages to 
maintain pool-full navigation. Nor are ail these difficulties in the 
future. With the exception of the Monongahela slack-water 
system, taken over and improved by the Government, ail the old 
canals of Western Pennsylvania, — the Lake Erie and Ohio River 
Canal, the western section of the Pennsylvania Canal, the Youghi- 
ogheny canaHzation and others, — have been abandoned. A potent 
factor, in addition to the question of terminal facilities, and exces- 
sive maintenance cost due to flood damage has been the lack of 
sufficient water to operate the canals — while in every flood there 
has been going to waste enough water to operate many such water- 
ways. 

Acidity and Waste Disposal — The extreme conditions of al- 
kalinity and acidity at these low stages are also a source of much 
trouble and expense. The difficulty of operating filtration plants 
on these streams is a byword in engineering circles, and excessive 
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expense for reagents is entailed in rapid filter and water-softening 
plants. The destruction of submei^ed metal structures and dam- 
age to boilers from extreme acidity are universally known. Such 
destruction manifests itself particularly at the low lock dams, 
where the acids, already strong because of low dilution, collect in 
still greater concentration because of their greater specific gravity. 
As a result, certain 5^ inch steel plates used on gates at Lock No. 
2 on the Monongahela River were entirely consumed within two 
years. 



Fio. 4. Filling Valve, Lock No. 2. Mononuahela IIiver. 
Showing (IcBtrudion by acid of steel plate ?4 inches thick. 

The concentration of sewage at low stages of flow has greatly 
hastened the necessity of considering its treatment, and has brought 
he matter to its present acute stage in Pittsburgh, as is probably 
true here in Philadelphia, some years earlier than may otherwise 
have been necessary. 
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Water for Supply and Power — The difficulties of operating fil- 
ters and softening plants have already been mentioned. But, in 
addition, the problem of available quantity is becoming more and 
more serious. The amount pumped from the Monongahela for 
industrial purposes is now about five times its minimum flow. 
That which is required for industrial and domestic purposes in 
Allegheny County is now about equal to the low water flow of the 
Allegheny River. It has been predicted that the Monongahela 
will soon be unfit as a source of domestic supply, and that the 
whole of the county will have to take its supply from the Alle- 
gheny River; so that, unless the low water flow of the Allegheny 
is increased, this alone may become a serious problem. 

This day may, of course, be put off by reduction of the waste of 
water; for Pittsburgh, like some other cities, is shamefully extrav- 
agant in its waste of this valuable resource, and now supplies 
about 235 gallons per capita daily. It is a pleasure to report 
that at an election on November 4, the voters of that city approved 
a bond issue, $500,000 of which is to carry on metering. Nor have 
you lacked experience in Philadelphia with water waste, as is 
evidenced by the agitation and the splendid campaign of public 
education in favor of metering, that has been carried on by your 
Bureau of Water. Those of us who were interested in this im- 
portant step in our own city recognized the similarity of conditions 
in Pittsburgh and in Philadelphia, and w^ere only too glad to learn 
from your novel and valuable Water Waste Exhibit. All should 
recognize and acknowledge the help that has been given to the 
cause of water-waste-prevention, both in this State and throughout 
the country, by Directoi" Cookers well-carried out idea. While 
there can be no doubt of the eflfect of such good work, future growth 
may even yet cause the question of quantity available for water 
supply to be a serious one. 

Many abandoned water powers throughout the State show the 
efi'ect of low water on this important branch of water utilization. 
This most serious of water power problems — fluctuation of flow — 
has nowhere a greater effect than in Pennsylvania. You have in 
your end of the State, also abandoned canals and abandoned power 
sites. 
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Recommendations of Flood Commission 
The Pittsburgh Flood Commission, originally appointed to report 
on methods of protecting the city from floods, soon found that it 
was impossible to consider the problem by itself. At every turn 
of its investigations, it met new phases of all the related problems 
of navigation, power, water supply, sewage-disposal, etc. Nor 
was it possible to avoid the state and national aspects of the ques- 
tion. The Flood Commission therefore adopted the policy of 
considering the relative value of all proposals on a basis, not only 
of flood protection for Pittsburgh, but of benefit of all kinds through- 
out the Allegheny, Monongahela and Ohio Valleys. 



Fia. 5, Cheat River, West Virginia. Lookino Upstream 
From Cooper's Gap. 
Site of Reservoir No. I, proposed by Ihe PiltsburKh Flood Commission. This is 
one of the many excellent situations on the watersheds above Pillaburgh. 

Effect of 17 Reservoirs — The Commission therefore recommended 
that 17 reservoirs* be constructed on the drainage areas of the 

■Several additional sites were surveyed and many other po-ssihilitieB exist, but 
Beventeen are all that are needed for flood protection, only, and those chosen are 
of greatest relative effectiveness. It is well to know that other sites and addi- 
tional capacity are to be found whenever needed for other purposes. 
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Allegheny and Monongahela to be supplemented by a river wharf 
wall along the low-lying portions of the Pittsburgh water front. 
The total estimated cost of these works was about $20,000,000. 
Their combined effect would be to protect the city from flood 
damage, even in case of a 40 foot flood — the highest previous 
stage being 35.5 feet. 

Moreover, it was shown in the Flood Commission's Report that 
storage reservoirs for flood protection could be used for other pur- 
poses during a considerable portion of the year. During the past 
38 years, about seventy-five per cent, of all floods at Pittsburgh 
have occurred between December first and April first. AH of the 
remaining twenty-five per cent, have been comparatively small, 
and of short duration, and not one of them would have topped the 
proposed river wall, even with no iallowance whatever for peak 
reduction by storage. It is apparent, therefore, that the reservoirs 
could be operated for other purposes during at least a great portion 
of the other eight months. 

Increased Low Water Flow — Such operation of the seventeen 
proposed reservoirs would have increased the low water flow at 
Pittsburgh, throughout the dry season, to almost 3.5 times its 
present minimum, that of the Monongahela to about 6 times its 
minimum; that of the Youghiogheny to about 10 times its minimum; 
and that of the Ohio at Wheeling to about 3 times its minimum, 
increasing the stage 2.3 feet. 

Such increased low water flows would prevent or greatly alle- 
viate all of the present serious conditions that have been previously 
described. The imminent lack of sufficient water to operate the 
Monongahela locks at fully capacity would be permanently avoided. 
The proposed slack water system on the Youghiogheny would be 
assured of continuous, instead of intermittent operation. The 
number of locks and dams required to complete the slack water 
systems on the Allegheny and Ohio would be decreased, and the 
period of open navigation on both rivers lengthened. 

The acidity of the Monongahela and Youghiogheny would be 
decreased by dilution at least fifty per cent, at extreme stages, and 
the present occasional acidity of the Allegheny could be prevented. 
The hardness of the Allegheny, the Monongahela and the Ohio 
for a considerable distance below Pittsburgh, would be reduce 
by about one-third at extreme stages. The quality of the rivers 
for water supply would be greatly improved, and the diflSculty of 



10. 6. DiAORAU Showing Flood op March 15. 1907, at Pittsbuboh 

AND ESTIUATED REDUCTION BV STORAGE. 

B the effect obtained from the seveDteen (17) selected and most elTectiv i 

This is the highest recorded flood at Pittsburgh. Note that 
floods upon tributaries are non-effective at Pitt^urgh ualess their time- 
occiMxence cornea within the period when the Pittsburgh flood is 
above the danger line, or 22-foot stage. 
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filtration and the excessive expense for reagents would be materi- 
ally reduced. The increased low water dilution of sewage would 
postpone the necessity for treatment, or simplify and lessen the 
cost of disposal plants. Finally, increased low water flow would 
benefit every power development on the stream below, and a large 
amount of power could be generated at the storage dams during 
the portion of the year when the reservoirs were not required to be 
empty for flood protection. 

All of these advantages may just as readily be secured and ap- 
preciated upon your rivers of a similar character in the eastern 
part of the State. 

Corroboration by Flood of 1912 — Many of these deductions of the 
Pittsburgh Flood Commission were based in part on incomplete 
rainfall and stream-flow data, as the several drainage basins were 
not completely supplied with hydrographic stations during the 
floods that preceded the investigations of the Commission. In 
March, 1912, however, a flood occurred at a time when rainfall 
and river gauging stations were in operation on all the streams upon 
which reservoirs were recommended. Complete and accurate in- 
formation was therefore available, and a study of these data was 
presented to the American Society of Civil Engineers by Mr. 
Kenneth C. Grant, Assistant Engineer of the Flood Commission,^ 
in a paper on **The Flood of March 22, 1912, at Pittsburgh." 

It was shown here conclusively, by means of a peak reduction 
diagram, made up in the same manner as those in the original re- 
port, that the operation of the seventeen reservoirs would have 
reduced the peak at Pittsburgh from a gauge height of 28.1 feet, 
or 6.1 feet above danger line, to 16.9 feet, or 5.1 feet below danger 
line. This study is given particularly interest, also, by the fact 
that the flood of 1912 was caused mainly by the same streams that 
brought about the great flood of 1907 — the Youghiogheay and the 
Kiskiminetas — though not in exactly the same proportion. In 
spite of the fact that the reservoir possibilities of these two water- 
sheds are limited, the reservoirs proposed, considered as to effect 
in time and intensity and in combination with all the others, would 
nevertheless be effective. 

The close correspondence of these results, based on actual 
measurements, with those of the report, necessarily based in part 
on assumptions, demonstrates the reasonableness of those assump- 
tions, and justifies the Flood Commission's confidence in the value 
of the proposed projects. 
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Need of National and State Action 

The work of the Flood Commission has been dwelt upon because 
it emphasizes so strongly the need of national and state action in 
working out this problem. This report, completed at a cost of 
$125,000, raised by local subscription, the most complete study of 
its kind ever made; and the first investigation of the merits of the 
sixty-year-old controversy, over the value of storage reservoirs 
based on actual surveys and careful estimates, yet demonstrates 
the futility of realizing our dream through local enterprise. Com- 
plete as it is, with respect to the kinds of benefits and those upon 
whom they would be conferred, it did not and could not attempt 
to determine the relative values of these benefits, when conflicting; 
to outline their equitable distribution among the beneficiaries, or 
to define a complete plan of water utilization as best serving the 
welfare of the Commonwealth. Still less is the Commission or the 
City of Pittsburgh a proper agent to furnish the funds for the en- 
tire enterprise proposed, or to supply the machinery for main- 
taining equity in the operation of the works when constructed. 
These are matters which cannot be handled in any other way than 
by the State; and their interrelation with the interests of the other 
States and of the Federal Government, affecting profoundly as 
they do, the navigation of our streams and the general welfare of 
the entire nation, render effective state action inconceivable with- 
out cooperation. 

Newlands River Regulation Bill — Such cooperation will be made 
possible if, as the writer earnestly hopes, the coming session of 
Congress passes the excellent bill presented by Senator Newlands, 
of Nevada. This bill, as you know, proposes to appropriate 
$50,000,000 annually for ten years, to be used, — 

^*for the regulation of interstate commerce and in aid thereof for 
examinations and surveys and for the construction of engineering 
and other works and projects for the regulation and control of the 
flow of navigable rivers and their tributaries and source streams, 
and for the standardization of such flow, and for flood prevention 
and protection, by the establishment, construction, and mainte- 
nance of natural and artificial reservoirs for water storage and 
control, and by the protection of watersheds from denudation and 
erosion and from forest fires, and by the maintenance and extension 
of woodland and other protective cover thereon, and by the re- 
clamation of swamp and overflow lands, and by the building of 
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drainage and irrigation works, and by doing all things necessary 
to provide for any and all beneficial uses of water that will con- 
tribute to its conservation or storage in the ground or in surface 
reservoirs as an aid to the regulation or control of the flow of 
rivers, and by acquiring, holding, using and transferring lands and 
any other property that may be needed for the aforesaid purposes,, 
and by doing such other things as may be specified in this act or 
necessary to the accomplishment of the purposes thereof, and by 
securing the cooperation therein of States, municipalities, and other 
local agencies/' 

This fund is to be apportioned for expenditure to the following 
bureaus and services: 

For the Smithsonian Institute $ 1,000,000 

For the Bureau of Plant Industry 2,000,000 

For the Geological Survey 3,000,000 

For the Reclamation Service 10,000,000 

For the Forest Service (including $5,000,000 for the acquisi- 
tion of forest lands by the National Forest Commission) . . 10,000,000 
For the Corps of Engineers, U. S. Army 24,000,000 

The complete investigations and formulation of the compre- 
hensive plan of development provided for, and all construction 
works under the act, are to be subject to the consideration, advice 
and recommendation of a Board of River Regulation;'' — consist- 
ing of the Chief of Engineers of the United States Army, the Direc- 
tor of the United States Geological Survey, the Forester of the 
Department of Agriculture, the Director of the Reclamation 
Service, the Chief of the Bureau of Plant Industry of the Depart- 
ment of Agriculture, the Secretary of the Smithsonian Institute^ 
one civil engineer, one sanitary engineer, and one hydro-electric 
engineer, — the last three to be appointed by the President. 

It seems somewhat unfortunate that the bill, and the able ad- 
dresses in its support by its author, should so rigidly adhere to the 
old doctrine that river improvement can be undertaken by the 
government only in aid of navigation. This may have been con- 
sidered a necessary political expedient at the time the bill was 
drawn; but we have progressed in political philosophy since then, 
and the time has come when we should firmly establish the prin- 
ciple that the Federal government has the authority and the duty, 
under the general welfare clause of the Constitution, to act in a 
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matter so vitally affecting the entire country, and requiring an 
expenditure and an organization which no state or states can 
provide. It is a strange anomaly that so thorough a progressive 
as Senator Newlands should fail to recognize that the general 
welfare is inseparably bound up with the water resources of the 
entire country, when so thoughtful a conservative as President 
Taft declares that flood protection in the lower part of the Mis- 
sissippi Valley alone ought to be undertaken under the general 
welfare clause. In an address before the National Rivers and 
Harbors Congress at Washington, December 4, 1912, the Presi- 
dent, speaking of the Mississippi floods, said: 

**Now, gentlemen, I do not want to say anything invidious, but 
the hanging of the expenditure of $40,000,000 or $50,000,000 that 
will be necessary to make that river safe, on the improvement of 
navigation that is going to flow from that expenditure of $40,000,- 
000 or $50,000,000 is a pretense. We might just as well face that 
right away. It is not necessary to spend $40,000,000 or $50,000,- 
000 in order to make that a good waterway, but it is necessary to 
spend that amount if we are going to make that river so that 
it shall not be destructive to all that part of the country every few 

years What you have to face, gentlemen, is this: Under 

the welfare clause of the Constitution, .... we have to meet 
the issue, Shall we spend for that great section of the country 
$40,000,000 or $50,000,000 in order to make the levees of that 
river a system which shall prevent the destruction which has 
aroused our deep interest and great pity for those who have been 
subjected to enormous losses in that part of the country? Under 
the Constitution, we can expend money from the Treasury of the 
United States for the general welfare and that would seem to in- 
clude the avoidance of danger, if it affects so large a part of the 
country that it may be said to affect the whole country, and if its 
avoidance involves such large expenditure that we cannot possibly 
look to the State to meet the requirement.^' 

The Newlands bill would provide a sum of money commensurate 
with the importance of the benefits it would obtain, and would 
supply the machinery, the lack of which would be an effective bar 
to satisfactory progress by any State. At a time when Pennsyl- 
vania is about to take important steps along these lines, as will be 
shown later, it is essential that its national representatives be 
made to understand unmistakably that their support is required 
of a measure, in which the interest of the State is so strongly in- 
volved as in this one. The writer hopes that the well understood 
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conservatism of the engineering profession will not prevent this 
and other engineering bodies throughout the State and country 
from studying and investigating the Newlands River Regulation 
Bill, or the members of such bodies from fulfilling their obligations 
as citizens and expressing their desires, which by the nature of 
their source, must demand in this case exceptional consideration 
from legislators. 

Historical Sketch of the State's Part in Water Develop- 
ment IN Pennsylvania 

Although the conditions that exist in Pennsylvania are ver>" far 
from the ideals we have pictured, it is nevertheless true that much 
attention has been given by the State, in an incomplete and dis- 
connected way, to the development of its water resources, since 
early in its history. 

As early as 1758, river improvement was taken up, and a passage 
effected for flat bottomed boats and log rafts through the rapids 
at Trenton Falls. In 1762, a petition was presented to the As- 
sembly by a number of Philadelphia merchants, asking that the 
West Branch of the Susquehanna be improved so as to make pos- 
sible communication by portage, with the Ohio River, but no ac- 
tion was taken. The American Philosophical Society took an 
important part in promoting canal construction and in 1769, 
under its auspices, a survey was made of a canal route to connect 
the Schuylkill with the Susquehanna. But no actual canal con- 
struction took place before the Revolution. 

Early Canals — In 1797 the Conewago Canal, one and one-half 
miles long, on the Susquehanna River at York Haven, was com- 
pleted by a private company. This was authorized by the State 
in 1793. 

In 1826, the Legislature authorized the continuation of a private 
canal, which connected the Delaware and the Susquehanna, up 
the Susquehanna 54 miles to the Juniata. This was the first step 
in the development by the State of a comprehensive canal system — 
the first to be proposed by any State in the Union. This era lasted 
nearly forty years, and during that period about 600 miles of canals 
and river improvement in all portions of the state were completed. 

At the same time, a great number of private canal companies 
were im-orporated, and these canalized many streams in addition 
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Fio. 7. Canal at SHicKSHiNNr, Luibkne Cjuntv, 
One at the early canals of Pennaylvania. 

Finally, however, all these old canals failed to earn sufficient in- 
come and passed one by one into the hands of the railroads and then 
into disuse. Of them all, the only ones operating today are the 
Lehigh and the Schuylkill (with its negligible traffic) and the open 
river traffic on the Delaware, Allegheny, Monongahela and Ohio 
Rivers, which have subsequently been improved by the federal 
government. 

Early Legislation— The old Mill Dam Act of 1803 legalized the 
construction, by any riparian owner, of a dam, "for a mill or other 
water works" upon "any navigable stream of water, declared by 
law a public highway except the rivers Delaware, Lehigh and 
Schuylkill." The act of 1874, together with its supplement in 
1889, authorized the incorporation of water and water power 
companies, with the right of eminent domain, and a strong im- 
petus was given to water utilization by private capital. Abuses, 
against which the old acts failed to provide safeguards, however, 
led to the revocation in 1905, of the right of eminent domain for 
new companies as to waters ^nd lands covered thereby and a con- 
sequent decline in private development lias resulted. 
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The Water Supply Comrnission — At almost the same time, the 
Water Supply Commission of Pennsylvania was created by an 
act, which was the first attempt to attack the problem in any 
comprehensive way. The Commission was given, by this and 
supplementary acts, certain vaguely defined duties with regard to 
investigation and reporting on the condition of the water resources, 
and some authority over the incorporation, merger, sale and ex- 
tension of water and water power companies, but none as to serv- 
ice and rates, although the Commission called attention to this 
need. In spite of the failure of the act to clearly define the duties 
and powers of the Commission, to authorize and working out of 
a comprehensive plan of development, or to appropriate sufficient 
money to carry out its purposes properly, the Commission has 
splendidly justified its existence. The act, however, has had time 
to demonstrate its imperfections and for the first time the errors 
of the past now stand plainly out, and the way is clear for gen- 
uinely progressive legislation in Pennsylvania. 

The Guiding Principles 

The history which has been outlined illustrates the incomplete 
conception of the magnitude and importance of the problem that 
has characterized the part played by the State at each stage. 
Three things stand out as necessary guiding principles of a suc- 
cessful state policy of water utilization, and one or more of these 
has been conspicuously absent from every previous State action. 

1. Comprehensive Plan — Complete and thorough investigation 
of the water resources of the State, considering each stream as a 
unit and all of them as a whole, keeping in view all the uses to 
which they might be put and the requirements of every interested 
community, and considering the equities of this and all future 
generations; so that, so far as is humanly possible, use by this 
generation may be consistent with a maximum possible total bene- 
fit in all times; — such a broad-gauged study and consideration 
should be provided for as a step in the formulation of a compre- 
hensive plan of development for the whole State, and the adoption 
and enforcement of a clear-cut definite policy for the utilization of 
water. 

2. State Regulation — Adequate regulation by a State Commis- 
sion, with ample well-defined authority, over incorporation, con- 
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struction, service, rates and accounting of all persons, companies, 
and municipalities utilizing water for public use, or in such a way 
as to aflfect this plan, is essential to allow the enforcement of the 
policy; in order to prevent a repetition of the abuses that led to the 
recall of the right of eminent domain in 1905, and to protect the 
State and the people from exploitation in rates or service. 

3. Encouragement of Private Enterprise — Until the State is in a 
better position to undertake the construction and operation of the 
works necessary to utilize the water resources, and so long as the 
poHtical and economic philosophy upon which our social organiza- 
tion is now based prevails, it will be necessary and desirable to 
permit and encourage private enterprise in these fields. This is 
particularly true in Pennsylvania, where the Constitution prohibits 
the creation of any debt except, *Ho supply casual deficiencies in 
revenue, repel invasions, suppress insurrection, defend the State 
in war, or to pay existing debt." Works of sufficient magnitude 
and comprehensiveness cannot be financed. out of current revenue, 
and at least three years' delay for a constitutional amendment 
would be necessary if the State is to be looked to for relief. 

This principle of private development, under governmental 
regulation has been ably endorsed as a basis for a national water 
power policy, by Secretary Fisher, in his annual report to the 
President, dated December 3, 1912, as follows: 

''Our present economic and social institutions are based upon the 
theory that the welfare of the community is to be promoted largely 
through the opportunities of personal gain offered to individual 
members of the conmiunity. It is thro\igh these opportunities 
of personal advantage that we expect to stimulate the ambition 
and the energies of private individuals whose activities in the mass 
promote the welfare of the community and advance the prosperity 
and the happiness of the people as a whole. 

'*So far as government itself does not undertake the development 
of water power it is therefore necessary and desirable that we shall 
offer to those private interests which do undertake its development 
a sufficient opportunity for profit and a sufficient protection of 
their investment to secure the largest measure of development 
for which there is a present market, or for which a market can pro- 
fitably be developed." 

These ideas are also in thorough accord with the Water Power 
policy of the National Conservation Association, as is indicated 
by the following extracts: 



226 Knowles — Uti izaiion of Water Resources of Pennsylvania 

"Power sites should be developed, not held unused for specu- 
lative purposes. . . . Cheap, and partial development for large 
and quick profits should not take place, so as to prevent full de- 
velopment for moderate profits. ... 

** Every stream is a unit from source to mouth. It should be 
applied to human needs .... in such order of preference or 
in such combination as will be of greatest public benefit. 

*' Private enterprise is not self-sufficient . . . Public aid is needed 
in one or more of the following ways; . . . Authority to use 
pr vate lands . . . and private water rights .... without 
the owner's consent (eminent domain) .... authority to 
assess the cost of water storage upon the lands specially benefited 
thereby. All power sites below the reservoir are so benefited. 

'^ . . . Water companies may rightfully demand certainty 
of tenure; .... adjudication of differences by an impartial 
tribunal; .... a fair chance for a generous profit on the in- 
vestment; . . . fair compensation for permanent works taken 
from the company at the expiration of its franchise, privilege or 
lease.'' 

There is nothing about them inconsistent with the "Ten Com- 
mandments" of the Pennsylvania Conservation Association, from 
which the following quotations are taken: 

"4- Watercourses as a State Resource, The waters of the State 
are one of the most important assets. They should be systema- 
tically mapped and considered, and eventually developed and uti- 
lized for the equal benefit of all citizens. In such development 
every stream should be considered as a unit, from its source to 
its mouth 

"5. Supernision of Use of Waters by Corporations, Private pro- 
jects for water power development seeking State aid in the form 
of a corporate franchise, carrying the right to condemn property, 
to use lands or water rights belonging to the public, to obstruct 
navigable rivers, or otherwise, should be subject to careful consider- 
ation and to strict regulation, in order to secure prompt, complete 
and orderly development; efficient service at fair prices and on 
equal terms to all consumers in like conditions; full public infor- 
mation as to costs and profits; honest capitalization on a basis of 
cost; and fair rentals for public property used within the franchise 
granted " 

Progressive Legislation in other States 

These principles have been recognized and to an extent adopted 
into legislation in some other States, leaving Pennsylvania behind 
in the procession. The Western States — Oregon, Washington, 
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California, Idaho, Colorado, and others — have been attempting to 
work out the problem for several years, and have taken advantage 
of the conditions peculiar to their section to establish in their 
Constitutions or laws the public ownership of all waters and the 
right of prior appropriation for beneficial use, an example imprac- 
ticable of emulation in the East. Some of these States, also, have 
developed eCBcient administrative systems under these laws; — 
notably in the case of Oregon. 

Wisconsin, always progressive, passed a complete act embodying 
these principles in a system of water laws in 1910, but the bill was 
apparently drawn without due consideration of constitutional 
limitations and was properly set aside by the Supreme Court of 
Wisconsin, in 1911. 

New York, Maine and a few other Eastern States have also 
passed or have under consideration excellent legislation on the sub- 
ject, but in no case east or west has the problem been grasped in 
its entirety; and in no case have all the fundamentals been wholly 
included in legislation. Pennsylvania, though some distance in 
the rear, has an unequalled opportunity to take at a bound its 
rightful place as leader of the States in this field of progress. 

History in the Making in Pennsylvania 

That Pennsylvania is going to take advantage of this oppor- 
tunity is strongly indicated by recent events in the State. 

Pittsburgh Flood Commission's Activities — The Flood Commis- 
sion was led by its studies to a recognition of the essential require- 
ments of a State water policy, and to an appreciation of how far 
conditions in the State fell short of those requirements. It was for 
these reasons that this Commission presented to the Water Supply 
Commission on October 4, 1911, its argument against the granting 
of any further water power charters, until it could be certain that 
there would be no conflict with the highest public interest. For 
the same reasons, the Water Supply Commission gave serious con- 
sideration for some 18 months to this important subject, and finally 
granted only two out of the number under consideration, and 
though the extent of its authority may be uncertain, attached to 
these, stringent conditions and restrictions, among which are the 
following: 

** Second — That within twelve months after date of issuance of 
Letters-Patent, there shall be presented to the Water Supply 
Commission of Pennsylvania the following data: 
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(a) "An accurate map of the area flooded by each dam, with 
contours sufficient to calculate the quantity of water impounded 
at various depths, also reviewed data concerning rainfall, run-oflf, 
available storage and the effect upon them of drought or freshet 
conditions: Also the extent to which the reservoirs formed can 
be used to ameliorate floods in the Clarion and Allegheny Rivers . . 

"Sixth — That the operation of reservoirs, in so far as the con- 
trol of floods and the maintenance of low water flow is concerned, 
shall be subject to the direction and jurisdiction of the Water 
Supply Commission of Pennsylvania." 

Republican and Democratic Platforms — The growth of these 
ideas, and the excellent project of progress, are further indicated 
by the fact that the controlling party in the Legislature is pledged 
to comprehensive legislation on water problems. The party plat- 
form promised an effective public utility law, and further, with 
respect to w^,ter legislation, said: 

"Particularly do we deem it advisable for the State of Pennsyl- 
vania to take a firm grasp upon its water problems. Transporta- 
tion, flood prevention, reclamation, sewerage, water power, and 
other incidents of stream flow are questions of extreme importance 
to the Commonwealth. While these questions present different 
aspects from the national, the state, and the municipal viewpoints, 
their solution cannot be adequately and efficiently effected except 
by some plan of harmonious and cooperative action, .... 

"We pledge the enactment of laws permitting and providing 
for joint action and joint contribution of funds for these purposes. " 

The Democratic convention also pledged itself to enact a public 
utility law, and, according to State Chairman George W. Guthrie, 
the following water plank was approved by the Platform Com- 
mittee, and would have been included in the platform had it not 
been omitted, by a clerical error, in transcribing their report. 

"We commend the special studies of flood conditions such as 
that recently concluded in the western part of the State, and urge 
the enactment of legislation carrying into effect the recommenda- 
tions that have been made for the control of floods, for increasing 
the navigable flow of rivers, for the development of water power, 
and for bettering the sanitary conditions of our rivers. We advo- 
cate the cooperation of the State of Pennsylvania with the coun- 
ties of the State and with the national government in the construc- 
tion of storage reservoirs and other works to carry the above out- 
lined benefits into effect, believing that these are matters in which 
the state is vitally interested.'* 
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The Pennsylvania Water Utilization Association — The import- 
ance of the promised legislation to the people, of the State and to 
capitalists seeking opportunities for investment led to the belief 
that a special organization was needed to make certain that such 
legislation should be sufficiently comprehensive and include all 
of the fundamental principles that have been worked out. This 
was the reason for the formation of the Pennsylvania Water 
Utilization Association, of which the writer has the honor to be 
President. Its purposes and membership may be made plain by 
repeating certain extracts from its by-laws, which are as follows: 

** Article 2, Object — The object of this Association shall be to 
obtain, by publicity, conference and otherwise, cooperation of 
individuals, associations and companies interested in water con- 
servation, to secure adequate legislation under wise State super- 
vision necessary to the broadest and best utilization of the waters 
of the State. 

^* Article 3. Members — All membership shall be personal, and 
representative as far as possible of all the various water concerns, 
civic organizations, engineering societies, flood protection commit- 
tees, and all others interested in these questions." 

The plan of campaign has consisted in seeking the cooperation 
of all interested companies, associations and publicists promoting 
local agitation and studies along the lines of the stream-flow and 
flood prevention; and of the intensive study of water legislation 
in this and other states and countries, with a view to advocating 
a system of water laws suited to the needs of Pennsylvania. 

Legislation Required 

It was at first intended to draft a suggested complete code of 
water laws; but the excellent work of the Republican Legislative 
Committee, the intention of the Water Supply Commission to 
draft legislation, and the activity of the Pittsburgh Flood Com- 
mission may make that wholly unnecessary. It now seems prob- 
able that it will be requisite only to assist by discussion and criti- 
cism, and to support suitable legislation presented by others. 

Proposed Public Service Bill — The Republican Legislative Com- 
mittee has made public a tentative draft of a Public Service Com- 
mission Bill, with which many of you are no doubt familiar. We 
have suggested some additions, so as to include within the juris- 
diction of the Commission, possible companies or associations, 
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formed solely for storage and stream regulation; also, to allow the 
reasonable charges of such companies or associations to be as- 
sessed by the Public Service Commission on water users who are 
benefited thereby, in connection with their use of water. These 
suggestions may even now be somewhat in advance of the general 
thought of the day, but yet they are fundamentally correct, andwe 
consider them most desirable, in order to encourage stream regula- 
tion by private enterprise, and to make possible the organization 
of such associations as the ''Genossenschafts^' of Europe. On the 
whole, the bill as drafted is an excellent one, and should have the 
hearty support of all who are interested in the best development 
of the resources and of public service. 

It is a drastic bill, but perhaps no more so than necessary to in- 
sure that the public utilities shall perform their obligations, and to 
protect the people from abuse and exploitation, in rates or service. 
It accords with the belief of our Association, that the enforcement 
of a comprehensive policy of water development is probably im- 
possible, without thorough-going state regulation by an authori- 
tative Commission, and provision to encourage private enterprise 
and to insure to utilities a life free from competition and harass- 
ment. 

Proposed Incorporation Bill — It has been stated in the ''Fore- 
word" of the "Tentative Draft of a Public Service Commission 
Bill,'^ that the Republican Legislative Committee *'had, however, 
directed the drafting of an act dealing with the incorporation of 
public utilities. " We have suggested that such a bill should pro- 
vide definitely, that the issue of letters patent, and approval of 
merger, sale, or extension of charter of any company, making use 
of water resources, should be subject to the approval of the Water 
Supply Commission and to such conditions, restrictions or changes 
as they may consider proper: that no such approval should be 
given in any case, without acceptance of the provisions of the 
Public Service Act, such Incorporation Act, and the new Water 
Supply Commission Act; that public utilities should be given the 
power to appropriate private property and rights for public use, 
subject to the permission of the Public Service Commission, and, 
in the case of water companies of all classes and of the appropria- 
tion of waters, subject also to the permission and restrictions and 
regulations of the Water Supply Commission. We also recom- 
mend ample substantive powers, as to the right to construct and 
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operate works, for the development of all the water resources of 
the State, subject to the same regulative supervision. 

If such a bill is drawn with the same breadth of view and the 
same fairness to both companies and people as the Public Service 
Commission Act, and if it contains the important provision that 
we have suggested, it will receive our support as essential to the 
encouragement and proper control of private enterprise. 

New Water Supply Commission Legislation — We hope that the 
Water Supply Commission will present comprehensive legislation 
enlarging and defining its duties and powers to the extent that is 
needed, and we will be glad to assist in its preparation and to give 
it our support. Some of the ideas which we believ^ should be in- 
cluded in such legislation, or which perhaps may some day become 
part of the machinery for a State Department of Public Works, 
are briefly outlined below: 

**It should be plainly stated that the jurisdiction of the Water 
Supply Commission extends to all the public or navigable streams 
and streams that have been declared public highways, in the State, 
or between this and other States; and to all tributary streams, 
whenever the latter or any of the waters thereof may be used for 
any public purpose, in a way to effect any of the purposes of this 
Act. 

**The Commission should be authorized and required to collect 
and publish complete information about the water resources of 
the State and about opportunities for development, and to formu- 
late a comprehensive plan and adopt a definite policy for the com- 
plete development and utilization of the water resources of the 
State. 

''No construction, extension, or improvement of works for the 
utilization of water, or affecting the water policy of the Commis- 
sion, should be allowed without a permit from the Commission. 

*'The Commission should be authorized to determine the bene- 
fits received by water users from storage on the stream above, and 
to certify the facts to the Public Service Commission, as a basis 
for assessment of reasonable charges. 

*'The Commission should have authority to require reservoirs 
to have such additional peak flood storage capacity and facilities 
for increasing low water flow, as is required by their water policy; 
and to enforce such regulations regarding the operation and joint 
use of reservoirs for various purposes as seems best. 

"The Commission should have supervisory control of the de- 
sign and construction of all dams, reservoirs and other works, 
and should investigate existing works and should have authority 
to require such changes as public safety and public welfare may 
demand. '' 
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In addition, the Flood Commission is proposing to ask for a State 
appropriation to construct a reservoir or reservoirs on rivers on the 
Ohio Basin. This bill will have our hearty support, and we be- 
lieve the commission should be given authority to construct 
and operate such reservoirs, whenever any such appropriation is 
made. 

It is apparent that there may be diCBculty in preventing conflict 
and duplication in the performance of the functions assigned in 
these bills to the Public Service and Water Supply Commissions — 
it may eventually be wise to consolidate the two commissions so 
far as their duties refer to supervision of private companies, and 
to reserve the Water Supply Commission's functions of study, 
construction and operation, possibly, to a State Public Works 
Department. For the present, however, it seems advisable to 
continue the separate existence of the Water Supply Commission, 
so as to make use of the organization it has built up, and to leave 
this future condition to be reached by evolution. 

Opposition Anticipated 

The position of the writer and of the Water Utilization Associa- 
tion, and the character of the proposed legislation have been dwelt 
upon at some length, because it is important that you should under- 
stand them in considering the opposition that has developed and 
that will continue. This opposition has at times manifested a 
tendency toward invective and a lack of charity that has made 
difficult the calm consideration that so important public interests 
deserve. 

Opposition to Private Development — This tendency has been par- 
ticularly marked in the case of those who declare themselves un- 
alterably opposed to any development by private capital. Such 
persons appear unable to conceive that some capitalists, and some 
of those who associate with them, are honest in their intentions, or 
that any means can be found to prevent oppression and piracy by 
grasping plutocrats, if private enterprise is permitted to undertake 
development. How the adherents of this doctrine, so out of tune 
with that of accepted regulation, and so thoroughly inconsistent 
with our entire economic and social organization, as shown in the 
report of Secretary Fisher, previously quoted, escape advocating 
state socialism for all industry, is difficult to understand. It is 
particularly remarkable that some of them should be found in the 
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ranks of the Pennsylvania Conservation Association, the "Ten 
Commandments" of which, as well as the policies of the parent 
National Association, are so thoroughly in accord with the ideas 
embodied in the proposed legislation. 

Any reasonable consideration of the proposed laws previously 
outlined must overthrow the claimed contention that there is no 
intention to protect the public as well as the companies. A power- 
ful Public Service Commission, with complete authority over 
rates and service; a virile Water Supply Commission, with com- 
plete authority over design, construction and operation; an In- 
corporation Act, requiring the approval of two commissions on 
the chartering of or the exercise of eminent domain by any water 
company; — if these are not sufficient protection for the public, 
then nothing can be and the reactionaries are right. Private 
capital must be put out of business! But if experience and history 
mean anything, this comprehensive combination of well tried ex- 
pedients will leave no ground for this kind of opposition. 

Opposition of Local Land-owners — There is certain to be opposi- 
tion, also, by farmers, land-owners, railroads and other interested 
parties who foresee that the utilization of water by storage means 
the taking of lands and rights of way, and limitation of railroad 
extension by the prohibition of location on reservoir sites. But the 
principle that private property is held subject to the right of the 
sovereign State, or its authorized agent, to take it for public use, 
in pajrment of just compensation, is too firmly established to be 
attacked by interested parties at this date. The proposed bills 
provide ample control and supervision, so that there need be little 
fear that property will be taken except in the public interest, be- 
fore which private interest must give way. 

Nor is there ground for the fear that compensation will be in- 
adequate. Democratic governments have always been particularly 
concerned to protect the individual in cases of eminent domain, 
and it is true now, as it has always been, that the error, if any, is 
likely to be on the side of extra liberality. It is for this reason 
that the Constitution prohibits the Legislature "from depriving 
any person of an appeal from any preliminary assessment of dam- 
ages," and guarantees the right to have damages "determined by 
a jury, according to the course of common law. " It was for the 
same reateon that the Massachusetts act, authorizing the construc- 
tion of the Wachusetts Reservoir, provided, not only liberal com- 
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pensation for property taken or injured, but also payment of 
damages to store-keepers who, though losing no property, lost 
business because of the removal of many of their customers from 
the locality. The New York water supply act contained a similar 
provision, and provided further that any person employed in any 
established business or manufacturing establishment, which was 
injured or destroyed by the taking of land, might recover from the 
city damages, not exceeding the wages or salary paid to such per- 
son during the preceding six months. 

So, also, for the same reason, the property owner in this State 
may feel assured that his rights, in this respect, will be jealously 
guarded by the Commission charged with the duty of awarding 
damages, and by the jury if he appeals. 

Fear of Disaster — Finally, there will be opposition to any and 
every project involving storage, from dwellers on the stream below^ 
who have come to look upon dams and disasters as synonymous. 
Nor is this surprising in our State, which has suffered so grievously 
from dam failures. Yet, is it too much to ask such opponents to 
apply to this matter the same reason and common sense that they 
use in the other affairs of life, and not to condemn entirely a pro- 
posal, so strongly calculated to promote public welfare, because 
of failures, however disastrous, due to improper design or con- 
struction, lack of adequate supervision, or some other preventable 
cause? How much better to seek to devise means of preventing 
these causes, and to make use of this, as we do of other means that 
man has devised to harness for his benefit the forces of nature! 

What would become of our boasted civilization, if we consistently 
adopted this policy of giving up? We would long ago have 
abolished the railroads that claim every year more victims than 
did the Johnstown flood. Bridges would have been prohibited 
after the failure at Quebec. Steam-ships could not be built be- 
cause the Titanic went down. Automobiles would be abandoned, 
and elevators tabooed. Steam boilers would have to be given up 
to prevent explosions and the use of electricity could not be de- 
fended for a moment. Is there any one of the conveniences that 
make life today more comfortable and more satisfying than it was 
a thousand years ago that could survive the test by this criterion 
of the dam fearers? 

This is not the Anglo-Saxon, it is not the American way of 
doing things. Moreover, it is particularly unjustifiable because 
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the preventable causes and the means of obviating them are so 
<;lear. Engineering skill has built dams that have not failed. 
For proof look at the hundreds that make possible the supply of 
water to our great cities, or at the magnificent monuments of the 
United States Reclamation Service in the West. Engineering 
skill can still build dams that will not fail. The State must see 
to it that it does so. A higher standard of requirement for en- 
^neering practice set by a system of licensing may help greatly. 
But still more important is it that the State shall, through compe- 
tent engineers of its own, examine designs and inspect construc- 
tion of dams, and investigate existing structures; and that it should 
give to some Commission authority to make and rigidly enforce 
the requirements of change in design or construction, or of altera- 
tion of existing structures, that public safety may demand. 

This the proposed Water Supply Commission legislation will do. 
A Commission with the powers as suggested, with any reasonable 
eflSciency, would have prevented the Johnstown flood; with any 
eflBciency whatever, it would have prevented the Austin disaster 
from following the failure of the dam eighteen months before. 

"But, we may have an inefficient Commission and careless 
inspectors," some one objects. True, — no system can ever take 
the place of good men in anything. Also we may have inefficient 
governors, and dishonest legislators, and grafting councilmen. 
And yet we will cling to the idea that government is better than 
Anarchy, and try to do our share to better conditions and to see 
that good men are put in office. And just so we are going to attach 
the problem of regulating dam construction, and we are not going 
to give up until we succeed in making these desirable structures as 
safe as they are useful. 

An Appeal for Progress 

We have seen now what the problem is. We have caught a 
glimpse of the wealth and comfort and prosperity that will follow 
its successful solution. We have sketched the measures that are 
proposed and considered in advance some of the opposition to be 
expected. What are we going to do about it? 

If the writer has succeeded in bringing the matter home to you, 
if he has stimulated your interest and aroused you to considera- 
tion and discussion, he will feel that he has performed a substan- 
tial service for the cause of conservation. For your consideration 
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and discussion will bring about improvements in the proposed laws^ 
settle the arguments of their opponents, and, by disclosing the 
opinion of a body of citizens peculiarly qualified, by training, 
experience and habits of mind to judge of these matters, make an 
important contribution to the prospect of progressive action by 
the Legislature. 

DISCUSSION 

John C. Trauth'ine, Jr. — Nearly four years ago, I had the audacity to pre- 
sent, before this Club, a little but highly heretical paper entitled "Socialism, as^ 
lUustrated by Papers Recently Presented to The Engineer's Club of Philadelphia;" 
and, last fall, at the Washington convention of the New England Water Works 
Association, I had the good fortune to hear a part of Mr. Knowles's paper on 
Public Utilities and learned that he is as good a socialist as any of us. I was there- 
fore prepared to hear something of interest this evening, but I scarcely expected 
to hear the praises of socialism sounded so heartily, and its inevitability and its 
beneficence set forth so convincingly, as to throw my modest effort completely 
into the shade. 

Mr. Knowles, however, through his contact with the politicians of the western 
end of the State, seems to have learned enough of practical wisdom to suppress 
almost wholly the use of the odious word, "socialism," while describing the 
thing itself in terms which must have converted the most case-hardened indivi- 
dualist — of course without his knowing it. 

I say *' almost wholly," for Mr. Knowles did once mention the word, namely: 
when he remarked that certain ultra-socialists protested against permitting 
water-powers to be controlled by what we call "private enterprise." Here Mr. 
Knowles asked, in effect, why then the protestators should not favor complete 
state socialism. But, while he asked the question, it is significant that he 
refrained from suggesting an answer. 

No one quarrels with the State for furnishing us with water, gas, streets, parks, 
schools, police and fire protection, postal and railroad facilities, and, in short, 
with all that distinguishes civilization from savagery. Why, then, may it not 
furnish also food, clothing and shelter generally, as it does in the Canal Zone? 
The answer is easy: Because we have not yet become accustomed to its doing so. 

The objectors to private control of water-power privileges, as a temporary 
expedient, would seem to be short-sighted. The corporation, operating a water-^ 
power, is as truly the State's agent as though it were paid a salary, instead of 
being permitted (as at present) to maintain a fiction of "ownership" and to find 
its reward in the profits which it can extort from its masters. 

And these objectors seem to be blinded by the admitted evils perpetrated by 
some of these corporate agents, so that they fail to see the prodigious service 
which these agents have rendered to the community, not only by undertaking 
and carrying on public works during the adolescence of the state, but (far more 
important) by thus educating us all (for the most part imconsciously) to the 
enormous advantages of the socialistic method; so that now, when the State 
(by the increasing restrictions, which it places upon the corporations), is surely 
and rapidly confiscating their property and their franchises, and converting us 
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all into an army of public employees, we are found not only acquiescent, but, in 
general, unaware that any such work is in progress. 

That it is in progress is manifested by the eagerness with which professional 
politicians are tumbling over each other in their zeal to be found in the * * pro- 
gressive" camp. With their characteristic low cunning, they have "seen which 
way the procession is going," and they are making haste to "get in front." 

In the early days of some of us, yet living, business was mostly carried on by 
individuals and firms, with numerous small corporations running om* numerous 
small railroads. As to governmental business, we had become accustomed to it 
in the form of national and coast surveys and harbor improvements, and even in 
water supply and sewerage; but, for the most part, we were content to mumble- 
Emerson's nineteenth-century formula that the least government was the best. 

Today, public problems have increased so enormously in difficulty, in number,, 
in importance and in complexity, and they have become (as Mr. Knowles has said} 
so intimately inter-related, that even our conservatives are beginning to wonder 
whether certain functions, hitherto exercised by our cities, must not, some day,. 
be placed in the hands of the state or the nation. President-elect Wilson lately 
said: "The question of sewage affects whole sections of the state. It cannot be 
dealt with community by commiuiity, without regard to the topography of the 
country, the method and closeless of its settlement or the natural facilities for 
the disposing of sewage;" and our Massachusetts brethren, with characteristic 
progressiveness, have set us the example of a Metropolitan Water and Sewerage^ 
Board, controlling jointly the service of many neighboring communities 

The railroad and the telegraph (in its several forms) have made om* entire 
country smaller today than was the State of Pennsylvania a century ago, and 
our separate State governments have become anachronisms, blocking, rather 
than urging, the wheels of progress; as have also our old-fashioned State lines, 
following a meridian or a parallel over hill and dale; and I venture the prediction 
that the next half-century will see the abolition of our state governments, a» 
they exist today, the division of the country (for convenience, not for politics) 
into its greater and lesser water-sheds, which will take the places of the present 
* * States, " and the control of the water supplies of the nation or of the world,, 
concentrated in a central national or international oflSce, which shall command 
the \mited and organized services of all the greatest hydraulic engineers; whereas, 
now, the small community (though made up of persons whose Uves are presum^ 
ably almost as valuable as our own) must put up with the services of engineering 
bodies, made up of an insufficient number of men of at best inferior professional 
rank. 

Mr. Knowles's remark, at the opening of his paper, respecting our water sup- 
ply as an item of transcending wealth, was particularly timely. Thanks to an 
ancestry reaching back to the beginning and always under the bane of indivi- 
dualism, we come into the world with the curious notion that "wealth" consists 
in the few pennies which a Morgan or a Rockefeller, or one of us, can accumulate 
and which, if he chooses, he can fence about for his exclusive use; and our en- 
vironment rubs this notion into us, from the cradle to the grave. 

A man without money is considered "poor," although he (equally with the 
multi-milUonaires just named) is the virtual owner of all the streets and parka 
in the civilized world, although he may have aU the water he wants, supplied 
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to him by the community as a whole. It is well that we should be reminded of 
the absurdity of such notions; for it is they which, more than anything else, re- 
tard our progress toward civilization. Owners of "property" (really tax-col- 
lectors, though caUing themselves "tax-payer«") oppose every eiTort to increase 
their real wealth by means of drafts upon their private or fictitious wealth; and 
we may be sure that Mr. Knowles's proposed scheme of river regulation for the 
Pittsburgh district, wiU not be put through without encountering their lively 
opposition, although its construction costing, if I remember rightly, not much 
more than the mischief wrought by one severe flood, will eliminate all future 
floods. Such is the wisdom of our wise men! 

Mr. Knowles was disposed to admit that this dream of a worthy conserv^ation 
of our water-sources was impossible of realization. If he will qualify this by 
adding "within the next few years," 1 must reluctantly agree vnth him. It is 
a law of social, as of physical, mechanics, that the movements of great masses 
cannot be suddenly and greatly changed without risk of damage somewhere. 
Any attempt to grasp the blessing prematurely could result only in lamentable 
failure; but the change is coming about, quite as quickly as our consCTvative na- 
tures can stand it; and any one who, in imagination, will glance along the curve 
of our progress in this direction during the last hundred, fifty, twenty-five, ten, 
two years, must recognize the stupendousness of the change already accomplished, 
and must see that its complete realization, during the Uves of some now living, 
is as inevitable as its immediate accomplishment is impossible. 
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The public land problem of today relates to approximately one- 
third of a billion acres of unappropriated and unreserved lands in 
the United States and a similar areage in Alaska, together with 
some three hundred million acres of National Forests, parks, and 
other reserves. That is the size of Uncle Sam's real estate holding 
in 1913. Fifty years ago it was much larger, though perhaps 
possessing no greater market value. During the half century 
from 1803 to 1853 the United States of America acquired lands to 
the extent of one and a third billion acres, another one-third of a 
billion acres in Alaska constituting a subsequent purchase. With 
this emb^assing wealth of lands, the Federal Government natur- 
ally* endeavored in the following half century to dispose of its vast 
domain, and the problem was largely that of getting pioneers to 
penetrate the wilderness. Land grants were made to the newly 
organized States, to the transcontinental railroads, and to builders 
of military wagon roads on a scale that now seems lavish, and in 
amounts that aggregated hundreds of millions of acres. 

The earlier policy of sales logically gave place to that of settle- 
ment laws, the purpose and principle of which were the establish- 
ment of homes upon the land, the distribution of the Nation's 
lands among its citizens, and the creation of a class of home-owners. 
So, too, with the mineral lands, discovery and development were 
the only statutory conditions imposed by Congress as preliminary 
to transfer of title for the richest of mineral treasure. Thus the 
nineteenth century, which saw the creation of a national domain, 
an empire in itself, also witnessed the distribution of more than 
one-half of its area. 
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The alienation of so large a part of the nation's land is not wholly 
a matter of regret. The winning of the West necessitated terms of 
land transfer that today may seem far too generous. The fact that 
must not be overlooked, both as we judge the past and plan for 
the future, is that conditions have changed. The shrinkage of the 
national domain has naturally been coincident with the Nation's 
development in all lines of industry. The Western prairie has 
become the world's granary, and what were once public lands are 
contributing to their private and corporate owners no small pro- 
portion of the world's output of metals and of mineral fuels. With 
the national growth on this scale, there has come necessarily a 
general increase in land values and the problem of finding land for 
the settler is already looming large on the horizon. Exploration 
and exploitation must now be followed by intensive utilization. 
With the most and the best of the Nation's land already alienated^ 
the task is to put to its best use what remains. 

Engineering in its broadest sense stands for increased efficiency 
and wise utilization. The engineer's relation to the public lands 
and the nation's resources is simply that of a constructive interest 
in their best utilization. The public land problem of today, 
whether we view it from the standpoint of a Federal officer or of a 
private engineer, is one of administration and of legislation. Your 
interest like mine in the matter is to have the existing public land 
statutes wisely and fairly administered and to secure the enact- 
ment of other laws that recognize present day needs. To enable 
your engineers to do your part in securing the highest use of the 
great resources now in public ownership, you need and deserve 
definite and prompt administration of the public lands — adminis- 
tration that is not a paper administration, but one based upon 
consideration of the same physical facts that you must determine 
and coordinate in your plans for development and use. So too, 
our interest as American citizens, you as the technical adviser of 
Capital and its active representatives in the great projects for in- 
dustrial progress and others of us as the technical advisers of the 
Nation's executive and the people's representatives, in these same 
plans for national development, should lead us to unite in secur- 
ing legislation adapted to promote the wisest use of the nation's 
resources. In the widest sense our interests are the same, because 
our purpose should be identical, the greatest industrial develop- 
ment of the country, but a development that will promote citizen- 
hip as well as turn the wheels of industry. 
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By way of broadly outlining the public land problem of the 
present moment, I will mention some of the specific public land 
questions that concern the mining engineer, the railroad engineer, 
the irrigation engineer, the water-power engineer, and the mu- 
nicipal engineer. There are federal laws controlling the present 
disposition of western lands that are of vital concern to the en- 
gineering enterprises of various types represented in the work of 
your profession. Moreover, one and the same statute may affect 
projects of quite different type, but closely related by reason of the 
complex industrial conditions of today. Thus, the mining engineer 
is interested not only in the adequacy of the ore deposit, but also 
in the availability of power, timber, and water supplies; the irri- 
gation engineer in his estimate of land values, which will warrant 
high construction costs, often must consider also proximity and 
permanence of mining camp markets; and the water-power and 
railroad engineers are both concerned in every factor affecting 
general development of the region which thus furnish or limit the 
market for power and the source of freight. In brief, the problem 
is one, big and complex, and the engineer who seeks to promote 
development on the national domain, and likewise the executive 
officer who administers the laws controlling that development, 
need to have brought to their tasks a realization of that complexity 
inherent in the problem. Even where the statutes are reasonably 
adequate, the same physical factors must be recognized by both 
engineer and federal officer and they should both be guided by 
similar regard for the stem requirements of economic law. On the 
other hand where the specific law affecting the proposed develop- 
ment is hopelessly archaic and inadequate, the engineer needs to 
understand that the public servant, no matter how high his official 
station, may be granted under this law absolutely no discretionary 
powers and therefore no opportunity to cooperate with the prac- 
tical man in adopting the plain, common-sense solution of the 
problem. 

If we agree upon highest and most beneficial use as the ideal 
sought by the engineer, land-classification becomes the first duty 
in public land administration. In a large way your interests as 
engineers and as citizens are identical, and the administrative 
officer's duty to you in your professional capacity and to the people 
as a whole is the same, namely, to decide every question arising 
in the administration of the public lands with full regard for the 
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physical conditions giving value to those lands and controlling 
their highest utilization. 

Not only is the engineer interested in the right classification of 
land in order that he may not be an accessory or instrument of 
fraudulent practice, but he does not want to be connected with an 
engineering project that involves large economic waste. Your 
professional code opposes your contributing your technical skill to 
a mining development or an irrigation scheme, or a hydro-electric 
installation whose only possible purpose is the taking of a pro- 
moter's profits before that day of reckoning when the balance is 
struck between cost and value. Therefore, you and I are alike 
interested in knowing the facts of land-classification that will 
prevent the construction of reservoirs and canals for a Carey Act 
project where the water supply is insuflScient or the soil unsuited 
to irrigation. We will agree that power-sites should be used as 
such and not as homesteads; that mineral lands should be acquired 
by mining men for mine-development and not by non-resident 
capitalists for the timber value; that irrigable lands should be 
irrigated and not dry-farmed; and that reservoir sites should be 
used to promote irrigation or power development, and not as 
cattle ranches. 

The need of a definite and reliable classification of the public 
lands is self-evident, and the recognition of its value is no recent 
discovery, yet only within the past few years has scientific classifica- 
tion of our public lands been given a definite place in the adminis- 
tration of the national domain. It is true that in 1879, "classifica- 
tion of the public lands" was made the first of the statutory func- 
tions of the United States Geological Survey then created; but this 
duty was for over twenty-five years subordinated to the general 
task of investigating the public domain and its resources. Again 
in 1888, the Director of the same federal service was entrusted with 
the segregation of the irrigable lands and the selection of reservoir 
sites, but this irrigation survey later narrowed itself into the spe- 
cific work of the Reclamation Service under the Reclamation Act 
of 1902, while the functions of stream measurement and investiga- 
tion of water resources continued by the Geological Survey only 
very recently began to be recognized as a necessary basis for public 
land classification and administration. 

The present system of land-classification, its contribution to 
public land administration, and its relation to the engineering 
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profession can perhaps best be indicated by specific though brief 
reference to the various federal laws which the several kinds of 
engineers may be obliged to consider in their plans to utilize the 
resources on public lands. 

The mining engineer first of all encounters indefinite and in- 
adequate mining laws, perplexing and unsatisfactory alike to him- 
self and to the administrative officer. Here is the opportunity for 
cooperation in the crusade for legislation that will at least recog- 
nize the past one-third of a century's progress in mining engineer- 
lEtgj geology and metallurgy. Pending such legislation, which 
needs to be framed to meet modern conditions in the mineral 
industry, the Chief Executive, acting upon specific recommenda- 
tions of the Geological Survey, is making withdrawals of public 
lands whose chief value is for oil or gas, phosphate, and potash. 
There is no business wisdom in allowing oil lands to be longer, 
located and explored under a law framed to meet the conditions of 
discovering placer gold. In the development of an oil field that 
law provides no protection of the purposeful prospector against 
unscrupulous claim jumpers, nor of the developer, well equipped 
with engineering experience and necessary capital, from the hold- 
ups of black-mailing paper-locators. Again viewed from the 
standpoint of the citizens generally, the federal- landlord receives 
nothing from these rich lands although commonly the operator 
pays tribute to a middleman, usually larger in amount, and often 
with more exacting conditions than would be asked under a Fed- 
eral lease. Similarly in the case of the mineral fertilizers, it seems 
plausible that a lease law can be framed with the help of the en- 
gineering profession, that will protect the consumer especially 
from the dangers of possible combination with foreign interests, 
and at the same time permit very profitable mining. 

Far the larger withdrawals of public lands are not in aid of 
future legislation, but in connection with the administration of an 
existing statute, the coal land law which fortunately provides for 
disposition at prices expressive of value. Known coal lands are 
therefore withdrawn from entry only long enough for the Geol- 
ogical Survey to make the necessary field examination, and since 
1907 coal lands have been sold at prices fixed by the Geological 
Survey primarily on the basis of the determined quantity and 
quality of the coal available for mining. The extent to which this 
business policy is being applied to this one branch of Uncle Sam's 
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real estate business may be judged from the record of coal land 
valuation. Up to date, a total of nearly 17J^ million acres have 
been appraised with a avlue of nearly $750,000,000. Yet, the 
outstanding withdrawals of unclassified coal lands, not including 
Alaska, comprise 66 million acres, of which approximately 75 per 
cnet., or 50 million acres, are believed to remain in public ownder- 
ship. 

The railroad engineer in acquiring his right of way across the 
public lands must now cooperate with the federal officers, in all 
cases where his located line may cross withdrawn power-sites or 
other reserve land. The determination of what constitutes the 
higher use of a river bottom or canyon floor usually necessitates 
the consideration of all the physical data available and the ques- 
tion is often a nice one whether or not to sacrifice future power 
development to present railroad construction. To a large extent, 
no one can be more vitally interested in that power development 
than the railroad itself, both as a future user of electric motive 
power and as the common carrier dependent in part upon freight 
of local origin. Thus, the up-to-date engineer is often ready and 
willing to submit to such changes in grade as will protect the power 
possibilities and yet not involve prohibitive increases in construc- 
tion or operation coats. 

The irrigation engineer is today face to face with the necessity 
of working out his water supply problem with both State and 
Federal officials. Securing water rights from the one he needs 
grants of rights of way from the other; and in the case of Carey Act 
projects the irrigable land itself is secured from the nation through 
the agency of the State. Some Carey Act reclamation projects in 
the past have proved so unsuccessful as to seriously discredit 
irrigation investments generally. To prevent the large economic 
waste involved in failures of this type, a loss in which usually 
promoters, investors, and settlers all share, the national govern- 
ment has now established a procedure of painstaking investigation 
of the physical facts. Thus only can we hope to assure develop- 
ment that is safe, because based upon sufficiency of water supply, 
adaptability of lands to the plan of reclamation, adequacy of 
engineering, and financial responsibility of the promoters. With 
these data at his command, the approval of a segregation list by 
the Secretary of the Interior possesses more than perfunctory 
value, and the welfare of all interested citizens, whether inves- 
tors or settlers can be considered as in a measure safe^guarded. 
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Naturally, the fields of the irrigation and power engineers over- 
lap, especially in view of the fact that the 1891 irrigation law con- 
veys a grant to the public lands needed for an irrigation right-of- 
way, while under the ISOl power act only a revocable permit for 
power development can be secured. The natural tendency, there- 
fore, has been to call practically every proposed development an 
irrigation project, even where the '* irrigation" company is dis- 
covered to have offered to contract for the sale of ajl the hydro- 
electric power developed for long distance transmission, but to 
have perfected no plans for contractual relations with owners of 
irrigable land in the vicinity. 

The withdrawal of power-sites by the Federal Government to 
the extent of nearly two million acres has not been actuated by 
any desire to arrest the industrial development of the West, but 
these executive acts have the constructive purpose of insuring the 
. highest use of these most valuable portions of the public domain. 
The conflict in the use of our public land streams for municipal, 
irrigation, and power purposes is fully recognized, and one of the 
Survey engineers has recently published a discussion of these 
relative values. Not only the dominant temporary use of a par- 
ticular stream, but its highest ultimate utilization must be con- 
sidered. By this procedure the irrigation use will be given the 
preference in one case, the power development in another, while 
in a third the stream may be harnessed so as to serve effectively 
both uses. It is readily appreciated by an engineer that the com- 
plexity of the problem only stimulates the desire to attain the 
proper solution and make the administrative action on a pending 
application such as to aid highest utilization. 

Here again, unfortunately, the executive officer at Washington 
often finds his hand tied, though his eyes are open to the needs of 
the situation. The statutes that control give too little discre- 
tionary power and demand revision to meet the business require- 
ments of today. Thus another large opportunity presents itself 
to the engineers for cooperation in the securing of legislation that 
will afford capital the desired measure of safety in its investments 
and at the same time safeguard the public against both wasteful 
competition and unregulated monopoly. No one can bring to 
this difficult task a better equipment of training and experience 
than the engineers of the country, and a lobby at Washington of 
engineers with high ideals of profession and citizenship would be 
a power for good. 
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Finally, all engineers are interested in the faithful performance 
of all the functions of government by which basic engineering data 
are collected. You are vitally interested in the public land and 
the topographic surveys, and in the geologic investigations and 
the collection of water supply data. These surveys and examina- 
tions are proper functions of the federal landlord and the results 
secured are properly placed at the disposal of all who seek to de- 
velop the nation's resources. Today, as never before, the effort 
is both to make public all these data and to use them effectively 
in the solution of public land problems. 

DISCUSSION 

Dn. SMrrH. — Mr. Chairman and Members of The Engineers' Club: Although 
I have committed some of my thoughts to paper, I do not wish my talk to be 
considered as formal. There may be subjects simply touched upon by me that 
you would prefer to have more generally discussed, and it will not inconveni- 
ence me in the least if at any point in the address — if that is agreeable to your 
officers and to the traditions of your Society — ^you wish to interject any question 
or raise an objection to any statement which I may make. I wish simply to 
present the subject as it looks to me, and I would like to invite the freest kind 
of discussion, either after my paper or at any point in the course of its delivery. 

The work of the Survey is, as you know, three-fold. The first is this field 
investigative work, or carrying on of the topographic surveys of the whole 
country, the making of geologic investigations which will result in the mapping 
of the whole country, and the determination of the water resources and the 
determination of what will constitute their highest utilization. These three, 
fields are occupied by three field branches of the Geological Survey, and we now 
have a fourth, which is the Land Classification Board, which taked from the 
other three branches the data relating to the public lands, and on the basis of 
these data makes reports to the Secretary of the Interior and the other bureaus, 
the Land Office, and the Indian Office, reports that will guide those officers in 
the administration of the pubUc domain. We act as the technical engineering 
advisors of the Secretary of the Interior, and of the President. 

Mr. Ballinger. — Did I understand you to say that the legislation you are 
acting under is somewhat antiquated? 

Dr. Smith. — Archaic, I think I said. 

Mr. Balunger. — Is that the result of neglect on the part of the Courts, or 
are those who know most about it interested in leaving the laws as they are? 

Dr. SMrra. — Of course, it is a deUcate thing for a member of the executive 
branch of om- Government to criticize the legislative branch; but I think I am 
violating no confidence when I say that many members of that branch realize 
that the land laws are hopelessly out of date, and this is due to many causes, 
The largest part of the membership of the Lower House, of course, comes from 
the more populous States of the East where there is very little appreciation of 
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the needs of the West. In the case of the representatives of the West, too often 
there is lack of agreement as to what requirements of the East should be met. 
I think there is some agreement at the present time along the line of revision of 
our mineral laws; I think the concensus of opinion is that there should be some 
such revision of our land laws, and I think what is needed more than anything 
else is, what I have already indicated, concerted action on the part of the various 
engineering bodies of the country looking to a movement whereby not only will 
the courts be stimulated to make the needed requirements, but, in making those 
amendments, will be guided by your knowledge of what is needed. Congress 
in quite a few cases has acted quite promptly. The withdrawal of 1910 provides 
for the control of these tracts of land very plainly, with the purpose of with- 
holding land from proper entry pending the enactment of a law which will pro- 
vide for their proper entry and their alienation, or, in many cases, their leases 
under proper terms and conditions. I think progress is being made, but it is 
rather slow. 

Mr. Ballinger. — Has there been any objection on the part of the Govern- 
ment to preparing a bill which would amend those conditions? 

Dr. Smith. — In that connection I may say that within the past five years 
we have drafted bills almost without end, and such bills have been introduced, 
but no action has been taken on them, largely, I think, because of considerable 
objection to the leasing principle; but that objection is fast passing away in the 
West. In the case of oil lands, some of the men on the ground see no disadvan- 
tage in leasing from Uncle Sam, as contrasted with leasing from the man who 
got it from Uncle Sam for nothing. 

There is one matter that is pending even now, a draft of a leasing law for pot- 
ash deposits. It is now before the Secretary of the Interior for his considera- 
tion. There are certain interests that are very much interested in getting some 
method of working the deposits of Searles Lake for instance, in Southern Cali- 
fomia, and it looks to some of us as if the different interests might get together, 
and if they do, and all push together, the probable result would be that Congress 
would pass the law. In other words such a thing as that can be done very 
speedily if everybody is pushing on the same end of the proposition; it is when 
they are divided and pushing on opposite ends that nothing is done. 

Mr. E. M. Nichols. — Can you state relatively the value of the potash de- 
posits of Searles Lake in comparison with the German deposits of phosphates 
and potash? 

Dr. Smith. — I think I would be going pretty far if I made such a comparison, 
but I believe there is a large quantity of potash that is available, and some 
engineers who have investigated, believe that it can be extracted at a cost that 
will enable the product to reach the Mississippi Valley, for instance, and com- 
pete with the German product, not at the present prices of the German product, 
but at the price to which the German producers, it is believed, can lower their 
product. Of course, cheaper potash ought to reduce the high cost of living. 

Mr. Nichols. — What are the transportation difficulties in getting to the 
Mississippi VaUey? 
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Dr. Smith. — As I remember, it is a matter of some twenty miles from the 
end of the Southern Pacific line extending from Mohave up into Owen River 
country, and I presimie they might have water shipments through the Panama 
Canal. 

Mr. Nichou9. — How far is it, then, from tidewater on the Pacific Coast? 

Dr. Smith. — I have forgotten the distance; it is not far from either Daggett 
or Mohave. I do not understand there are any difficulties in constructing that 
connecting link of railroad; but what gives me the greatest confidence in the 
Searles Lake proposition is, that there are at least three or four interests that 
are trying to get control. I believe there is something in it. They are English 
interests, and may be connected with German interests. 

Dr. Chance. — Have these lands been withdrawn from entry? 

Dr. Smith. — There is a withdrawal pending. (Made Feb. 21, 1913.) 

Dr. Chance. — I would like to ask whether the difficulties in legislation do 
not arise very largely from the fact that those most interested have failed to agree. 
We have had the mineral law, under which all gold and placer mines come; they 
have been discussed by miner organizations, and we know that the law is a bad 
law; mining men have been dissatisfied with it, and the Supreme Court in de- 
cisions covering a number of cases of litigation which were carried on to a final 
conclusion, practically made the mining law that we have today. Now, when- 
ever a proposition has been suggest^ that a bill be introduced in Congress, to 
make any modification of that law, or substitute another law for it, the mining 
moi have been content to let it stay as it is, being afraid that Congress will give 
us something worse than we already have, and so they decline to support any 
legislation. 

It seems to me that this whole land question is involved in very much the 
«ame difficulty. The East is not satisfied to have the disposition of the lands that 
the West would like to have, and the West is not satisfied with the land laws that 
the East would like to prescribe. We send to Congress bodies of gentlemen who 
know nothing about the problems of the Geological Survey or the problems with 
which they have to deal in these land matters. Our Government is an Experi- 
mental Government, and we have to learn about these things. 

This question of a placer location has been a vexed question for over forty 
years, and Congress and the Departments at Washington have seen fit to inter- 
pret that law to extend it to oil lands and stone quarries, and other things that 
are not placers; but, at the same time, the title to tens of thousands of acres 
of lands are based on that theory. 

Dr. Chance. — Is there any movement on foot now to replace these anti- 
quated laws by some that ^tU cover all these difficulties, both as to mineral 
locations, locations of different classes of mineral deposits, a great many of 
which are not lodes, and deposits of such things as potash, borax and oil; cannot 
one law be made to cover the whole number of cases? 

Dr. Smith. — In the first place, I suppose Dr. Chance and others are familiar 
with the fact that there is a Committee of which Mr. Horace V. Winchell is 
Chairman, which has been taking up this matter of the Apex Law. They sent 
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out a circular letter in order to get the ideas of representative people on this 
matter and I understood from Mr. Winchell that the replies were practically 
unanimous to the effect that the Apex Law should be done away with. There 
seems to be a consensus of opinion, but an absence of action. 

In regard to the other laws, I do not know that there is any similar concerted 
movement. I think we would make a mistake if we tried to do too much with 
any one law. We have made the placer law a sort of panacea. When oil was 
discovered in California, we said we will pass a law to fit the case, and we simply 
applied the placer law to the case of oil. WTien placer gold is discovered, it is 
discovered in many cases on the surface, whereas the discovery of oil necessitates 
the work of months and the expenditure of tens of thousands of dollars, and 
during that period in which money was being expended freely, there exists not 
only the possibility of jumping the claim by putting up other paper locations, 
but there was also the possibility of a man with more capital and a better rig 
coming in and drilling at a faster rate, and striking oil first; he might pump it 
all away from the first man, and what would be considered the original man on 
the ground was absolutely without recourse. I think that is the trouble with 
trying to do too much with one law. 

Now there was asked the question, why could we not apply the law for pot- 
ash to phosphate as well? Well, phosphate could better be compared to coal 
in its occurrence. The amount of area that a man should be given for potash 
is quite different to the area a man should be given for phosphate. The trouble 
with such an occurrence is, for instance at Searles Lake it is only 20 feet below 
the surface, and you get the brines all ready to piunp it out. 

Mr. Nichols. — Isn't it largely a n;iere shovel proposition? 

Dr. Smith. — No, it is a pmnping proposition, and if a man wants to get it 
out, he needs control of a large part of that concentration basin. As a Phila- 
delphia man says, you need to have only one acre, and you can dig a hole and 
pump the whole thing dry for a mile around. I think it was the same Phila- 
delphian who said you only need one straw to drain a mint-julep. 

Mr. Dubois. — Is there any basis for the remarks as to a change in the Apex 
law ? The fact would seem pertinent that a great majority of the Members of 
Congress are lawyers, and are therefore interested to see that the right kind of 
legislation is going on. Is there any real basis for getting away from the 
Apex law? 

Dr. Smith. — I think I can quote one ex-representative from the State of 
Nevada, who wrote me that he saw I had come out against the Apex law. He 
said the Apex law has been the salvation of the Western lawyer, and if you do 
away with it, the miners will get all the money and the lawyers none. 

Dr. Herinq. — When the land grants were made to the Western railroads, did 
they exclude or include mining rights? 

Dr. Smith. — Those grants excluded mining rights, with the exception of coal 
and iron, which should be considered as not a mineral for the purpose of thift 
act, it being considered that coal and iron were essential to the construction and 
operation of the railroads, so that the Northern Pacific and the Union Pacific 
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had coal lands included in their grants, and there was no basis for any contest. 
The Northern Pacific also got some valuable iron lands, but in the case of the 
Northern and Union Pacific, their holdings of coal lands are very valuable. At 
the present time we know they are valuable, because, as they take every other 
section, their lands are necessarily closely associated with the public lands. And 
in our land valuation scheme it is not worth while for us to make a distinction 
between railroad lands and Government lands, because the grading of the prices 
varies with depths, and also with the thickening or thinning of the coal vein 
itself. It is easier for us to go right across a township. 

I told Vice-president Cooper, of the Northern Pacific, that I thought he owed 
something to the Geological SiUT'ey because we were putting what we thought 
was a very careful valuation upon the coal lands belonging to the Northern 
Pacific. He says, "Yes, you are, and the Tax Assessors are taking your valua- 
tion. " 

Mr. Nichols. — ^Well, are those coal lands very valuable? 

Dr. Smfth. — Very valuable, indeed. 

Mr. Nichols. — ^Are they largely lignites? 

Dr. Smith. — ^No, it is only in the Dakotas that the Ugnites of low grade oc- 
cur. Farther west in Wyoming and Montana the coal is a good steaming coal. 
Our land prices vary from $20 to $450 per acre. 

Mr. W. C. Furbbr. — Is it the policy of the Government to give away, 
absolutely, coal and oil lands? 

Dr. Smith. — No, much of that land has already been withdrawn. There 
are several suits in California which involve many millions of dollars worth of 
oil. The Southern Pacific are taking up large acreages of oil land under the non- 
mineral grant. In defense of their suit they have two defenses; one is, that oil 
was not a mineral at the time they took this land up, and the other one was, 
that they did not know there was any oil under the land. But they were very 
successful in picking out the best oil lands. The Department of Justice is wag- 
ing a very good fight, and one which I believe will be successful in bringing back 
to the Government some of that oil land. The other suits are in regard to the 
withdrawals, and the question has been raised whether the earlier withdrawals, 
which were made on the recommendation of Secretary BaUinger, n 1910, before 
the passage of the Withdrawal Act, whether those withdrawals can stand in 
law. There are a good many locators that went in and began drilling, or in 
some cases continued their drilling to the point of discovering oil. Between 
the time of the earlier withdrawals and the later withdrawals, the later with- 
drawals being under the specific law of 1910, which authorized the Executive 
to make such withdrawals, the Government's position, I believe, vnW have to 
rest partly upon supervisory power of the Executive to handle the public lands, 
but more especially on the fact that those withdrawals were made in terms of 
the Federal purpose of supplying the Navy. I happen to know that the Geologi- 
cal Survey made the first recommendation for the withdrawal and the principal 
reason was the need of the Navy keeping a supply of oil for its own use, and I 
think this alone would justify the withdrawal, even without the statute. For 
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the purposes of the Navy there has been a permanent reserve created, including 
some of the land that is contested in the courts between the Government and the 
Southern Pacific Railroad. 

Dr. Herinq. — Is it known what the value of these coal lands are in Alaska, 
about which there has been great dispute in the last two years? 

Dr. Smith. — That question is yet in dispute. Take the lands in the Bmng 
River field, the lands that were claimed by the Cunningham group of claimants; 
there is coal in large quantity there, but the groimd is badly faulted and dis- 
turbed, and it is a matter that needs very careful engineering and exploration 
to determine just how valuable those coals are. The quantity is there and the 
coals must be good, but the costs, I believe, are going to be greater than some 
of the magazine articles indicate. 

While we have been discussing coal, the Califomia oil has taken the fuU market 
for the Pacific Coast, and I believe the Califomia oil will dominate the Pacific 
Coast market. 

Dr. Hering. — Have the people any rights to the oil lands in Califomia? 

Dr. Smith. — There are large areas that have not been touched. No one 
has been able to enter that land, at any rate since the withdrawals of July, 1910. 
All over the fields there are unpatented lands, but even there it is a question of 
what is the range of pumping. I thought that the oil under those lands was a 
very mobile affair and it could be compared to that mint-julep proposition. 
But after being on the ground and hearing the testimony of the most experienced 
drillers, it looks as if it was difficult to pump yoiu* neighbor's land. You can 
take the gas pressure away from him, but as to pumping dry his land at some 
distance from your wells, it would take some time to do that. Take Derrick 
Avenue at Coalinga, it was found that some of the wells on that Avenue at no 
great distance from where wells had been pumping for many months, the lat«" 
wells had almost as good a flow, but they were pumping wells from the start. 
There was no gas pressure there; the gas pressure had been taken by the earlier 
well, but they were good pumping wells and they kept up, and apparently the 
land on one side was holding as well as on the other. 

Mr. Lehman. — How does that coal in Alaska compare with our coal here? 

Dr. Smith. — ^You could compare it with the Pittsburgh or Pocohontas coal* 
When we were being investigated I could have given you the B. T. U.'s of these 
coals, but we have forgotten some things that we were primed with. I am speak- 
ing of the Bering River and the Mantanuska coals; those are the two most prom- 
ising. The fields are not so large as scree of the fields in the States. Whether 
it is a marketable fuel at this time I do not know, it is a question of depth. The 
demand for coal on the Pacific Coast is not very great. It would take only a few 
of your good sized Pennsylvania mines to meet the whole demand of the Pacific 
Coast. You see we have coal from Australia coming in there, and those coals 
come in under conditions that are not dependent upon the local coal market. 
Ships come in there with coal for ballast. At the time the Survey made a review 
of the coal resources o the United States, some ten years ago, I summarized 
the conditions on the Pacific Coast, as I was working then in the State of Wash- 
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ington, and I noticed that the imports of coal into San Francisco depended not 
80 much on the demand for coal, as it did on the size of the wheat crop. A 
large wheat crop would call in all the tramp steamers from the Pacific ocean 
and they would come in in ballast, and you could see a very definite 
relation between the coal imports and wheat exports, and that would regulate 
the freight rates between San Francisco and Australia. 

Mr. Nichols. — Do you recall what the freight rates were between San Fran- 
cisco and Australia? 

Dr. Smith. — In that case I question whether the freight rates would be any- 
thing. You see conditions like that are abnormal factors in the competitive 
market. 

Dr. Herinq. — Do I understand that the coal lands now belong to the people 
again? 

Dr. Smith. — Yes, the Cunningham claims were thrown out of court. One 
interesting feature is, that the Government went in and mined some coal on the 
Cunningham claims; this was for the purpose of making some experimental 
tests by the Navy. I heard from Alaska that those in charge of the Cunning- 
ham prop^ties did not make any protest, inasmuch as all of their people on the 
ground were employed by the Government, and they did not want to take a 
good job away from their own people. 

Mr. Ballinger. — I remember reading something over a year ago that the 
construction tracks and rolling stock of the Panama canal would soon be out 
of use and they were to be loaded on vessels and taken up to Alaska and used 
for the purpose of building a railroad, so that the Government could mine its 
own coal and ship it to its own vessels. I understood that some time ago Secre- 
tary Fisher was thinking favorably of that matter. 

Dr. Smith. — Of course, we all know that what Alaska needs more than any- 
thing else is transportation, to develop its mineral and agricultural resources. 
Now, in the light of the authorization by the last Congress of a Railroad Com- 
mission which is now in session, something is likely to be done along that line. 
Its Chairman is Major Morrow of the Army, and its Vice-Chairman is Mr. 
Brooks, of our Survey, and there is a Naval Constructor, Mr. Cox, on the Com- 
mission, and a Railroad Engineer, Mr. Ingersoll. They visited Alaska and 
made a careful investigation, and are now preparing their report. I suppose 
that the President will receive that report and will transmit it to Comgress, and 
I expect you \inll have a fair-minded and authoritative report on the needs of 
Alaska in the matter of railroads, and probably suggestions as to the best way 
of meeting those needs. I think that is a case where Congress acted wisely in 
getting someone else to collect that information, and I hope something may be 
done to remedy the railroad conditions. I think possibly the Guggenheim Road 
may be glad to sell out. In their case the railroad was needed to reach the 
copper properties, otherwise that property would remain undeveloped. 

Mr. Nichols. — How long has this Commission been in existence? 

Dr. Smith. — They were appointed during the last session of Congress; they 
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are not six months old yet. It is all too short a time in which to take up a prop- 
osition of that sort. 

Mr. Nichols. — Are you doing any photographic survey work in the United 
States? 

Dr. Smith. — No, not in the United States proper, only in Alaska. 

Dr. Hebinq. — Is the boimdary 'ine located now all the way to the Arctic 
Ocean? 

Dr. Smfth. — ^Yes, I believe it is. 

Dr. Herinq. — Is the Alaska steaming coal as good as the Pennsylvania coal? 

Dr. Smith. — I think it is. 

Dr. Hering. — How would the coal fields of Australia and China compare 
with the coal fields of the other countries of the world? 

Dr. Smith. — I do not think we know enough about China to make any com- 
parison. 

Mr. Nichols. — Is there any restriction on the exportation of coal from 
Great Britain? 

Dr. Smith. — I think there has been recently. I was talking with the Director 
of the British Survey some years ago — I knew that he had been a member of the 
Royal Commission to take up the question of coal supply, and I asked him if 
his Commission made any recommendation that the export of coal be prohibited. 
He said the Commission did consider it, but they did not want to make any 
recommendation that might be laughed at by future generations. He said that 
when the English army depended upon bows and arrows for its fighting material, 
the cry went up that yew wood was giving out and there would soon be insuf- 
ficient yew to make the bows out of in England, while Germany had immense 
forests of yew, and it was predicted that when the supply in England was ex- 
hausted, the Germans might come over and take possession of the island. Like- 
wise, the Admiral who succeeded Nelson decided that the supply of oak timber 
would soon be expended and there would not be enough to build any more ships 
of war, and when he was an old man he would go about with a pocket full of 
acorns and a long walking stick. He would make a hole in the ground with the 
end of his stick and plant an acorn wherever he could. Some of those oak trees 
are now ready to furnish timber for the battleships! Therefore, bearing in 
mind, I suppose, some of these predictions of histor>% the Commission did not 
make any recommendation regarding coal exports. They realized, moreover, 
that it might interfere in a serious way with the whole complex arrangement 
of manufactures and commerce. 

Q. (Mr. ?). — Would you discuss briefly the prospects of the use of the oil 
shales in the middle West? 

Dr. Smith. — Similar oil shales are and have been used for a long time in 
Scotland for making a kind of mineral oil, but I do n3t think the time has come 
for their profitable use, when we have crude oil selling as low as it is in some 
parts of the country. 
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Mr. Walter Lorinq Webb. — What is the average price for that coal land? 

Dr. Smith. — It would be about $41. Land sold in the past five years has 
averaged only about $18. The law provides a minimum price of $10 further 
than 15 miles from a railroad, or $20 within 15 miles of a railroad. 

Q. Is that fee simple? 

A. Yes, fee simple. We try to figure out what would be the present value 
of a leasehold for so much coal land, and at that rate it means that it would be 
a price at which you cannot afford to pay to hold the land without operation, 
but we believe it is a price you could afford to pay in order to develop. We 
have a separation law by which you can go on even our withdrawn land and 
cultivate the surface, in which case you receive a limited patent. The Govern- 
ment reserves the coal underneath, and in that case you are protected against 
damages. In the Western country the law provides that if there are other 
minerals, the possession of the upper estate implies the right to the lower also. 
For instance, if you were to find placer gold with a gravel overlaying the coal, 
you would be entitled to the coal too. 

Q. How about it in the case of the coal being sold? 

A. Under the present coal land law we just give away the land in every re- 
speci. 

Mr. S. M. Swaab. — How thick does the coal have to be before it is com- 
merciably valuable? 

Dr. Smith. — We have a sUding scale, but we call coal valuable at anj^hing 
wnthin 3,000 feet of the surface. 

Mr. S. M. Swaab. — Doesn't the proximity of the railroad become a factor? 

Dr. Smith (Referring to Lantern SUde), indicated. — If this happened to be 
just outside of the 15 mile limit, the price might be $270 for that forty, and this 
forty would be $135; if a railroad should go in there, the value of that land out- 
side of the 15 mile zone would be doubled. 
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Introduction 

Travelers tell us that at Moscow there is preserved a double 
seated throne. In the front are two seats; seats for two brothers^ 
Ivan and Peter, while in the back was an opening hidden by a 
veil of silk, and behind this sat Sophia, their sister. This piece 
of furniture was a symbol of the government of Russia at the end 
of the 17th century. It was composed of two visible czars and 
one invisible sovereign. The building laws of a city or state is a 
visible symbol of municipal authority, but what of the invisible 
sovereign that so often defies its authority and sometimes defeats 
its ideals? This invisible sovereign, for our purpose this evening, 
we have called the *^ unwritten law, " and with your kind indulgence 
we will attempt to throw some light upon this invisible king and 
suggest some means at least to curb his power. 

Upon looking over a number of building codes of our great cities, 
the first thing that usually attracts your attention is the large 
number of pages and its specific details of items that are really 
unessential for "Public Safety. '* When a building is erected 
without the pale of a building law, the specification of the engineer 
or a chitect takes its place, but in large cities or growing com- 
munities, owing to the fact that buildings are upon public streets 
and imust be of necessity owing to the want of available space 
adjacent to each other, it is absolutely essential to have a building 
code for mutual protection. This is the genesis of a building law 
of a city. 

Some of our building codes have placed a standard specification 
of steel or concrete of good reputable authority on their pages and 
there it remains year in and year out, although its original source 
has been modified to suit the advancement of the science that it 
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particularly covers. A distinction, therefore, should be made in 
the make-up of a code as to what is really essential to public safety 
as a whole and the remainder of the problem should be left to 
individual department or bureau to work out. For instance, it 
is absolutely essential that stringent laws should be enacted cover- 
ing walls, character of soil on which all buildings must rest, exits, 
stairways, because these are essential to the main body of the 
city, but to fix permanently the bearing value of rivets and sim- 
ilar details is not only a waste of strength, but it defeats its very 
ideal in the end. 

In other words enact in your own law all that matter that can 
be applied to the city as a whole and whose conditions will be 
probably fixed for years and give the office that applies the author- 
ity the right to make regulations for structural conditions. For 
example, why should a wooden or steel colunm formula with a 
fixed factor of safety be incorporated in a building law to remain 
for ten years or more, while the art of structural advancement in 
those ten years may show such a formula absurd? Let me make 
myself clear on this point by taking an example from the records 
of the Philadelphia Bureau of Building Inspection. 

On the 25th of April, 1903, Governor Pennypacker approved a 
building act known as No. 236 for the erection of buildings in the 
City of Philadelphia. At that time reinforced concrete was in 
its infancy and taking the authority of concrete designers at that 
time a safe unit stress on the bending of slab griders, etc., would 
be 500 lbs. per sq. in. for concrete. In the year 1907, a com- 
mittee was formed of interest in building line of which this club 
sent its representatives (Engineers' Club) and together with the 
Chief of the Bureau of Building Inspection, Edwin Clark, to 
formu'ate regulations governing the erections structurally of con- 
crete buildings. Henry Clay, Director of Public Safety, approved 
these regulations on the 10th of October, 1907. Later on, in a few 
months, an engineer on concrete was appointed to carry out in 
the field these regulations. Those regulations in place of 500 
lbs. per sq. in. substituted 600 lbs. Since 1903, Act No. 236 has 
not been changed. Suppose in place of the year 1907 that com- 
mittee had formulated your regulations in 1903 and had placed 
500 lbs. per sq. in. in it and these regulations had become a law 
in 1903. What would have been the result? 

Again taking the records of the Philadelphia Bureau of Building 



258 Hibbs — The Unwritten Law 

Inspection the cost of concrete buildings from January, 1908, to 
December, 1912, amounted to $10,000,000 (126 buildings). Tak- 
ing a slab construction alone of 3J^ in. and basing it on a span 
4 ft., 10 in., and making a calculation based on 500 and 600 lbs. 
per sq. in. of concrete and also taking into consideration the areas 
of all floors except the first the owners of those buildings would 
have been saddled with an additional cost of $8,000 on slabs alone 
since 1908 with practically no additional safety. If the Phila- 
delphia Bureau of Building Inspection can certify to and inspect 
with competent men under regulations, concrete buildings struc- 
turally, why cannot it be done with a steel building or any 
other building structurally. 

In other words, take your structural details out of the law ; in- 
corporate them in regulations subject to change with the advance- 
ment in the art of building, and your unwritten law will never lay 
an unjust tax upon you. 

Having placed your structural portion in regulations more at- 
tention should be given to the development of law affecting a city 
as a whole. In the year 1900, under orders of Director A. L. 
English, Chief Hill of the Philadelphia Bureau of Building Inspec- 
tion made an inspection of the fire-belt bounded by Vine, South, 
Broad and the Delaware. When that inspection was completed, 
numbering 3,620 buildings, about 8% were ordered to have out- 
side metal fire-escapes. Again in 1903, a portion of the same 
area, Vine to Walnut, Broad and Delaware Avenue, was inspected 
— 4,992 buildings — 10% of which were ordered to have outside 
fire-escapes. 

These two special inspections show a tendency as to how a city 
develops. Under the ** Philadelphia Law^' for old buildings the 
outside metal escape is ordered on buildings when the third or 
above floors are occupied by persons not using the building as a 
dwelling. An inspector enters a building and finds the upper 
floors vacant. He leaves and may never see the building again 
until months afterward because of his general work, and then he 
finds the upper floors tenanted. A family moves out and our 
Russian friends with their numerous offspring and cousins move 
in and the dwelling becomes a tenement. In other words, the 
floating population of a great city can never be taken care of 
properly unless you have a large number of inspectors — a tax 
which our cities are not willing to pay. 
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Take another instance of growth. In New York City about 
fifteen years ago the ** Garment Makers/' afraid of the tenement 
label and having no regular factories began to rent **loft" build- 
ings. With this change, light motors run by electricity came into 
play. The cloak makers, suit makers, white wear makers and 
furriers followed and soon all the available loft buildings were 
filled. The speculative builder, seeing the trend, began to erect 
more. This is how the factory district of New York in the neigh- 
borhood of 14th Street grew. As there were restrictions above 
12 stories this became the prevailing height for the loft factories. 
1901 to 1910 — 790 of these buildings were erected at a cost of 
$138,000,000. No inspection could be made of these buildings 
after they were occupied because the New York Building Inspec- 
tors had their hands full in the inspection of all new work and 
their other customary duties. 



Philadelphia Bureau of Building Inspection. 1900-1912. 
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Manhattan Bureau of Building Inspection. 1902-1911. 
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Upon the analysis of figures taken from the records of the Phila- 
delphia Bureau of Building Inspection and the Manhattan Bureau 
placed as near as the writer was able to bring the latter in con- 
junction with the former, you will notice that Philadelphia Bureau 
men from 1900 to 1912 are making from 17 to 21 visits per working 
day on new operations work, and the New York men with their 
high buildings were making from 7 to 14 visits per day — the year 
being divided into about 230 days available for inspection of new 
work. Probably the New York figures would run higher if the 
writer had the actual time of the number of inspectors employed. 
You will readily perceive from the statements of the two bureaus 
that there is very Httle time left to take care of the floating popula- 
tion of any great city. 

How many men should a large city have in order to take care 
of this emergency might be asked. In October, 1911, in order to 
put into operation the new fire prevention law produced practic- 
ally by this floating condition, Fire Commissioner Johnson, of 
New York, was asked how many men he wanted and how much 
money. He calmly replied, 535 men, and $750,000. He was 
able to get 125 inspectors. Inspection then is a mere matter of 
money and men; and our cities with a few available inspectors 
can only make a cursory of supplemental inspection. This is a 
financial ill that the unwritten law is inflicting upon us today and 
there is little prospect for relief. 

In cities most of the buildings have not been built, from the 
modern standpoint, under any law. Our fire-insurance men loudly 
proclaim from the mountain tops our fire losses and yet our build- 
ing laws make no inducement to eliminate our wooden floor build- 
ings. Having no inducement our people put up the same kind of 
buildings that have been destroyed. 

In looking over a number of building codes of our great cities, 
you will find three main classifications of building, fire-proof, mill 
building, and joist construction. Suppose, for instance, a man 
wants to put up an apartment house and the law only allows him 
four stories with mill or joist construction, and if he wants another 
«tory he must build fire-proof. He builds four stories and another 
wooden floor building is added for the conflagration that our in- 
surance men are predicting. Why not say to him, ** Build six 
stories with steel beams and cinder concrete floors, fire proof with 
IJ^ in. of cinder concrete throughout, and we will let you build 
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60 ft. high. The inducement of such construction might be means 
of getting rid of a four story wooden floor construction and you 
would certainly get a better building so far as fire-risk is con- 
cerned. To ask that a six story building should be fire-proofed 
the same way as a 14 story building is to the writer not logical. 
This classification of joist, mill, and fire-proof construction is a 
classification of the underwriters and not a classification to meet 
the need of a great city as a whole. 

There are some clauses placed in building laws that are doing 
an infinite amount of mischief. For illustration look at the Old 
Academy of Music, Philadelphia, as it stands today after years of 
faithful service. What holds it there but the clause in the theater 
act of Philadelphia that reads **all theaters or places of amuse- 
ment now existing may be altered providing such alteration does 
not amount to a virtual reconstruction thereof, so as to make it a 
new building" ? Yet the city of Philadelphia forces a competitor 
on the other side of the street to conform to the same theater act 
which entails a fire proof construction. Read the history of all 
theater disasters from the Ring Theater in Vienna, 1881, to Iro- 
quois Theater of Chicago in 1903, and you will find the same tale 
of disaster. A sudden rapid fire on the stage and death in the 
gallery. There certainly ought to be qualifying phrases in the 
codes with enough power to make the stages of our old theaters 
fire-proof. Take another example from Philadelphia. Let me 
show a picture of an old fire escape. You will notice the position 
of the drop ladder. I am not showing you this because of its 
position, but rather to draw your attention to the ladder. Why 
does it remain as an old relic of by gone days? Simply because 
"the clause'' provided that nothing in this act shall interfere with 
fire escapes now in use approved by the proper authorities. " Look 
at the modern one with its well balanced counterweight. The 
one is ready for action while the other actually menaces life. 

Nothing in building laws is so often sHghted as in the matter of 
egress of buildings in case of fire and panic, and nothing is fought 
so strenuously by owner and others than those paragraphs of our 
law calling for proper and adequate means of exit. To illustrate 
this question of exit properly, and to give a few principles that 
govern it, I am going to draw on your patience to describe very 
briefly three fires. These fires were selected to illustrate phases 
of fires rather than comparison. I have selected the Asch Build- 



Hibbs — The Unwritten Law 



Hibhs — The Unwritten Law 



Fig. 2.— Asch Building, New York. 

ing of New York, a ten story fire proof structure, the Shrack aud 
Sherwood fire of Philadelphia, a six story mill building, and a 
Newark factory building, four stories high, of joist construction, 
an old building, whose antiquity can be judged from the fact that 
Ericsson designed the Monitor there. 

On Saturday, March 25th, 1911, about 4.45 P. M. a fire broke 
out in a ten story fire-proof loft building at the Northwest comer 
of Washington Place and Green Street, New York City. All 
floors with the exception of the 6th, vacant, were used as work- 
shops. The fire started at the Green Street stairway on the 
eighth floor and spread rapidly through the floor, reaching the 
upper floors by means of a pipe shaft and outside windows. These 
three floors were occupied by the Triangle Shirt Waist Factory. 
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Out of 500 employees 142 lost their Hves. Many unable to reach 
the exits jumped to the sidewalks. Others tried in vain to reach 
elevators, fire escapes and stairways. The floor area of each story 
was about 10,000 sq. ft. The two stairways opening upon the 
streets had each a clear width of 2 ft., 6 in., with winders. The 
fire escape, of old pattern, landed on a roof in an area way. Two 
passenger and two freight elevators, enclosed in terra cotta, 
were the only remaining means of exit. About 6 o'clock 
P. M. on December 16th, 1909, fire broke out in a six story mill 
building situated at 1516-22 Callowhill Street, Philadelphia. It 
was used as a manufactory for Casket and Undertakers' Supplies, 
and the stock was highly inflammable. Flames started in the 
store room of the fourth floor and must have bren burning quite a 
time before the fire was discovered. A number of girls were work- 
ing on the fifth floor. Some ran in the direction of the open stair- 
way where the dressing room was located and their bodies were 
found there the next day. Others with their hair on fire reached 
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Fio. 4. — Schrack & Sherwood, building, view of the front. 

the tower fire escape in the rear, and were saved. The floor area- 
of this building was 3,600 sq. ft. The building had a tower fire 
escape with stairs four feet wide and an outside platform, an open 
stairway 4 ft. wide in front (legal under the act of April 25th, 
1903) and an elevator shaft of brick. 

On Saturday, November 26th, 1910, between nine and ten in 
the morning, a Newark factory at the corner of Orange and High 



Hibbt—Tke Unwritten law 



FiF. 5. — Shrack & Suerwood Building view of the rear showing the tower. 

Streets caught fire. The building was rlear on all sides from other 
buildings. This building was erected in 1855. The lower floor 
had several exits, but only one stairway enclosed in wood with a 
32-in. door, ran from the 4th to the 3d. This door was locked 
during working hours. The windows were without weights or 
pulleys, the upper sashes were nailed in place, while the lower 
sashes had to be held by fastenings placed in position by hand. 
The window sills were 48 in. above the floor. A fire escape in the 
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rear extended from the 4th floor to the roof of the boiler house. 
Over the highway was another fire escape whose descent to the 
street from the second story was made by a ladder hanging to the 
third story platform. The fire broke out on the third floor and in 
seven minutes after the alarm was sounded twenty-five girls jwere 
killed out of one hundred and sixteen women on the fourth floor. 



Fic.e.— rianofthcfloorsofShrack* Sherwood Bui IJing, Philadelphia 

The first point I want to call your attention to from these fires 
is the question of the lock door problem in the factory. In the 
New York an<l Newark fire.s tlie lock doors were shown in the 
cases of court action to be of common occurrence in both of these 
buildings. In the Asch Building the proprietors, Harris and 
Blanck, were indicted for manslaughter and were acquitted. 
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Fio. 7. — Sectional view — Newark F'ire. 

Now the locked door problem in our factories is a serious one and 
one hard to solve because the proprietor is often obliged to lock 
his door to prevent the employees from 'Stealing out of the building 
during working hours, or else employing additional help to attend 
the door and watch the employees. But your Grand Jury may 
indict, your District Attorney may plead, your Judge may charge, 
but the American Public that sit your jurj- box can never be con- 



— Ruins of the Newark Fire. 
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vinced that man-slaughter at a lock door point is the same as 
manslaughter at the pistol point. The solution of the lock door 
problem is not a $12,000 District Attorney, but a $1.25 axe. An 
axe should be placed at every exit door for the same reason that 
one is placed in your wooden passenger coach of your railroads. 

In the New York Fire Insurance Exchange the following is a 
portion of its specification "locate water pails in close proximity 
to exits such as stairways, elevators, fire escapes." In the cases 
of the Aseh Building and the Newark fire, valual>le time was lost 
in attempting to put out just such fires with pails of water and sand. 
.Such minor appliances should never be put at any exit as it might 



, with an inside vestibule or 

cost a few minutes of valuable time blocking the exits in the at- 
tempt to reach the pails and thereby waste life. When the fire 
breaks out let the building burn and get the people out. Taking 
a random record of the year 1909, there were in the City of Phila- 
delphia, 3,846 active fires, of which 201 were extinguished by 
chemical service. If the trained Department, reaching the fires 
in a few minutes, can only put out 5% of the fires with its minor 
chemical appliances, what chance has a pail of water to check a 
fire whose flash is often like a trailnof gu powder? Let the Fire 
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Department take care of the fire and keep your first few minutes 
to save life. In talking with your Ex-chief of your Fire Depart- 
ment, Richard Baxter, about this phase of fire, he gave me a 
homely illustration of a fire in his youthful days, when upon en- 
tering a building he found a young girl attempting to put out the 
fire with a pail of water while her aged grandmother sat in a corner 
nearly enveloped in flames. Grabbing the bucket from her hands 
he told her to save the woman^s life and soon extinguished the fire, 
which the girl did not know how to do. The fire departments 
are organized essentially to protect property and it is about time 
that our codes were made to protect human life. In the Phila- 
delphia fire, the girls that ran in the direction of the smoke proof 
tower and the brick enclosed elevator shaft, reached the outside 
platform of the tower in safety, while some who ran in the direc- 
tion of the cloak room and open stairway lost their lives. In the 
case of the Philadelphia and New York fires, the stairway did not 
have to be enclosed. Is there any reason why any stairway should 
not be enclosed in some fire-resisting material? Is fire any re- 
specter of floor area? All stairways should be enclosed in some 
fire-resisting material, not necessarily fire-proof construction, 
provided with doors of the same quality, that can be easily handled 
in swinging outwardly. What do you mean by fire-resisting 
material? Let me give you an example taken from a Philadelphia 
fire. 

On October 28th, 1903, at 3.30 A. M. a fire broke out on the 
stage of the Girard Avenue Theater, and in a few minutes flames 
were bursting through the skylights. Upon the arrival of the 
first fire company, three minutes after the alarm, the firemen find- 
ing no fire in the Auditorium owing to the fact that the asbestos 
curtain was down, devoted their attention to the surrounding 
property which was threatened by the stage fire. Fifteen minutes 
later the Auditorium was full of smoke, but no fire beyond the 
stage. The heat, however, was getting intense and a few minutes 
later, the entire Auditorium seemed to suddenly ignite and burst 
into flames. This curtain held the heat and flames back for fif- 
teen minutes. This is what might be termed fire-resisting, and 
our enclosures could be built safely along these lines. The Fire- 
Underwriters' door is not only unlovely in appearance, but is abso- 
lutely unwieldy in handling and could safely give way to doors 
that could more readily open or shut without so much effort. 
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The Underwriters' doors can only be handled quickly by strong 
men and cannot certainly be opened quickly by a factory girl or 
boy. I want to remind my hearers as.far back as 1899. Under 
the British Fire Prevention Committee, in fire test on wood 
lathing, wood studs, and plaster, a partition was able to check fire 
at 1,600° for 28 minutes. You can readily perceive that a parti- 
tion could be easily made of some fire-resisting material, and of 
such a character so as not to conceal fire like a wooden cornice 
and yet be fully able to protect openings and stairs for a space of 
time sufficient to get the people safely out of the building. 



Fia. 10. — Plan ehowing location of atairways. 

Taking up now with the width of stairways, you will notice this 
man standing in a doorway 32 in. in width, the width of the door- 
way in the Newark Building, and you can readily see that such a 
width could only accomodate one person and no more. Taking 
another picture showing the entrance of the Engineers' Club, 
which is 56 in. in the clear, and its width is easily filled by two of 
our members. From carefully measuring existing stairways, 
aisles, etc. of our theaters, baseball parks, department stores and 
public buildings, for four years or more, I am convinced that the 
capacity of stairs is a multiple of 24 in. for each person. In other 
words, 24 in. for each person determines the capacity of stairs and 
not mere numerical width. Judging from the Brief submitted by 
Rudolph P. Miller, Superintendent of Buildings, Borough of Man- 
hattan, to the New York State Factory Investigating Commis- 
sion, Mr. Miller gives the capacity of stairs as 20 in. per person. 
But remembering that in a panic, people taking stairs are to be 
in a safe maximum motion and also are on the incline, it seems 
more logical to take 24 in. per person. 

That this principle of 24 in. per person is not rightly understood 
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let us glance at an example from a building code and note the 
result. A portion of the code reads "eveiy slow burning building 
greater than 12,000 sq. ft. of area shall have at least 3 stairways. 
The width of stairways shall be at least 80% of the formulae and 
no ease be less than 12. No stairway shall be less than 3 feet in 
width. " 



FlO. 11. — Plana ahoning an example of lawful and unlawful stairs. 

Formulae 
72 jn. + (area^.OOO)^ xj 
' 1,000 

Substituting in place of area 125,000 sq. ft. the result would be 
72 + 125,000—3,000 X 8 



1,000 






'2 in. + 76 in. — 


148 ii 


1. 


= 


12 ft., 


4 in. 



Looking at the plan of building we will divide our 12 feet of width 
into three stairways of the capacity of 2, whose widths will be 3 
feet each and one of six feet in width. The total capacity is five 
persons. However, if by breaking the law, I now take away one 
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foot from one of the side stairs and give it to the opposite stairs, 
I have increased the capacity of the stairs to six persons. Again 
conforming to the law, I place four stairways of 3 feet each in each 
corner of the building, I have reduced my capacity to four persons, 
although I have given a greater diversity of exits. Again break- 
ing the law, we divide the width of 12 feet into four exits, two of 
two each and the remaining two of four each, our total capacity is 
six persons, and our diversity is increased also. You can readily 
perceive such formulae not taking into account width per person 
is not based on the right principle, for an excess of stairway due 
to an excess of area will not always bring with it an excess of carry- 
ing capacity of the stairs. 

Even Mr. Freitag, in his books on **Fire Prevention,*' makes the 
rather startling proposition on page 510 of his book when he says 
— *' Assuming that a four foot stairway will accomodate three 
persons abreast '*; further on he speaks of 3 ft. stairs, then 2 ft. 
stairs in the basement, and 5 ft. stairways specifying kinds of 
building, rather than the people who use them. 

There is more in the problem of exits than the average mind 
imagines. For example, take the plan of a small apartment house, 
with a fire-tower in the rear, with an entry leading to its vestibule 
and an open stairway in the front. Apparently this building has 
two means of escape, but really has but one because should a fire 
break out below at the foot of the open stairs, the smoke or fire 
ascending would block off not only the stairway, but likewise the 
approach to the vestibule, as the smoke will fill the entry leading 
to the tower. Plan No. 2 shows a better arrangement if architec- 
tural conditions could be modified for every room has two means 
of exit through the outside balcony. 

Another or final word of caution about the location of exits — ^a 
glaring error that ought to be avoided, is location of fire escapes 
in area ways with a proviso of landing people on the roof, which 
sometimes results in an escape from fire to meet injury or death 
on the pavement below. 

In these three fires very little time was available for persons to 
reach the exits. Although five minutes is but a short period to 
struggle for life — and it would seem that this is about the limit 
now-a-days that the modern fire will give human life for an escape, 
yet it might be well to look into our buildings to see what can be 
done in a few minutes. In order to get a personal line on this 
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matter of exits, I kept a note-book extending over a period of 
four years jotting down by chance wherever a crowd was present, 
and afterwards making my measurements of the surroundings. 
On a stairway 6 feet wide, at the Philadelphia Bail Park, with a 
crowd very much congested, fourteen files of three each, passed a 
comer in five minutes, and on another day at the same Park, on 
a 10 foot stairway, with a crowd not congested, twenty files of 
five abreast, passed a point in two minutes. Going to a number 
of buildings — the limit was ten stories — I would place myself at a 
remote point in the story away from the exit, then walk to it at a 
moderate pace, and take the time to reach the street by the stairs 
or tower. My note-book shows the following results: 

Two ten-story office buildings, three and one-half minutes. 

One ten-story department store, six minutes. 

Two five-story department stores, three minutes. 

Nine-story department store, five minutes. 

Two five-story department stores, three and one-half minutes. 

Two ten-story office buildings, three minutes. 

Looking at some of our public buildings, the Garrick Theater, 
whose capacity is rated as 1,800 seats, showed this result when the 
house was full and taking the descent of the curtain as the time of 
the beginning of the exit, the lower floor was emptied in four 
minutes, the balcony in six minutes, and the lights were put out 
at the end of eight minutes. This represents the average time of 
the modern theater of Philadelphia in the matter of timing the 
capacity of the exits. At the Metropolitan Opera House, the 
balcony on the right side containing about four hundred persons, 
one-third of which went to two 5 feet exits while the remainder 
went to one 8 feet exit, was emptied in five and one-half minutes. On 
the left hand side with four hundred and fifty-seven persons and 
no emergency exits, but using one 8 foot exit, that portion was 
emptied in eight and one-half minutes. 

At the A. D. Bache Public School — a modern three-story build- 
ing — four hundred pupils on the third floor and five hundred on 
the second floor, whose ages ranged from eight to sixteen years, 
were able to leave the building in three minutes. You can get 
an idea of the possibility of time from these examples as they are 
all modern examples, and cover phases of building. 

Taking up another point common to these three fires, no one 
lost their lives by a fallen wall, a broken beam, or any structural 
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defects. Yet after all fires it seems to be more fire-proofing, less 
wood, and other things which do not play as much in the saving 
of human life as our insurance papers would lead us to believe. 
In looking over the records of the Philadelphia Fire Department 
from 1901-1910, the loss of the buildings amounted to $6,409,783, 
while their contents $15,610,220. You will readily perceive for a 
moment what enormous amount of material goes up in smoke 
to help to keep the fires going. In a shirt waist or kindred manu- 
facturing line, the vegetable fiber of cotton, linen, etc. is made up 
largely of cellulose, which is the identical constituent of wood. 
In other words, such material is nothing more or less than wood 
in thin sheets ready to burst into flames at a moment^s notice. 
Today the real menace in a factory building are the contents and 
the people themselves. Upon a moment^s reflection, you would 
readily see how difficult it would be to regulate the merchandise 
of any factory or department store because in many cases the 
problem as a whole is unsolvable. However, the people or the 
human element in a factory is a case where laws can be readily 
passed for the saving and conserving of human life. Some laws 
take no account of the human element, but look upon [a number 
of people taking an exit like a mass of water is poured into a pipe. 
But the human element faints, wears skirts, jams passage ways, 
fights, and like an instance in the Washington Street fire, fought 
for places with tobacco knives, even when the real cause was only 
a panic. How people really act seems so very far away from our 
laws. Will you pardon me if I give you an illustration from my 
own experiences? Years ago the writer was a small school boy 
in one of your public schools and he remembers being on the top 
floor of the school and hearing the sound of hissing steam from the 
radiator. Suddenly a cry of fire rang out and the classes rushed 
to the doors, thrust the teachers aside and made a wild scramble 
to the stairway, which was an ample one. When I reached it I 
was the middle boy, and I guessed that I could never get to the 
ground alive among such a mad crowd, so I made a flying leap 
ahead to sideways grab the railing and rushed pell mell down the 
stairs into the street. Was it fire? No, it was the fear of fire, and 
the fear of fire is worse than the fire itself. Two years ago I inter- 
viewed another school boy saying to him **do you have a fire drill 
in your school?'' He not only replied yes, but eagerly told me 
how the signal for action is given, the arrangement into lines, and 
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how many minutes it takes to reach the street. What is the dif- 
ference between that wild rush to the stairs many years ago and 
the orderly arrangement of today? It is merely a matter of dis- 
cipline. In the three cases of the fire quoted, no fire drills and no 
systematic means of communicating the breaking out of the fire 
was attempted or even practised. I certainly agree with Mr. 
Miller, Chief of Borough of Manhattan, that as bad as the condi- 
tions were, panic had a certain amount of force, in the loss of life 
in the New York Building. Can we eliminate panic? Yes, let 
me give you two examples taken from the daily papers of New 
York City. 

Fire Drill Saves Forty-five Girls 

"A fire drill instituted by the Manhattan Soap Company in its 
factory, 550-54 West Thirty-sixth Street, immediately after the 
Asch Building disaster, saved the lives of forty-five girls when a 
fire starting in the basement yesterday morning roared up through 
the six stories of the building. The drill was put into use by Miss 
Barbara Nolan, a forewoman, who has organized it with a few 
minutes* practice every night after working hours. One hundred 
men at work in the upper floors got out by the fire escapes, so that 
no one was hurt, though the building is a total loss. The fire 
started in the boiler room, and when the engineer, James Vernal, 
discovered flames among the soap vats on the first floor, his cry 
sent C. H. Dickinson, the superintendent, and Miss Nolan upstairs 
to the third floor, where they gave the commands for the drill to 
the uneasy girls, who filed in good order down the escapes on the 
west side of the building to the roof of a tinshop next door. From 
there they reached the street by a ladder. Three girls who went 
to the wrong side of the building and stood in panic at a window 
were brought down a long ladder by William Wissel, a firemen, 
of Truck 5, and Charles Fink, a salesman. Chemicals and grease 
used in soap manufacture made a blaze of great fierceness that 
the firemen found it hard to subdue. A second and a third alarm 
were ordered quickly to save the neighboring buildings. The 
building was a total loss by the time apparatus arrived in response 
to the first alarm." 
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Cool Heads at Factory Fire 

'* Battalion Chief Owen McKieman and eight of his firemen 
were knocked out yesterday by a smoky fire that damaged the 
three-story building at 2026 Pacific Street, Brooklyn, occupied by 
the Charles I. Tagliabue Manufacturing Company, makers of 
thermometers and barometers. Seventy girls employed in the 
place got out safely, thanks to cool-headed forewomen who formed 
them into line and led them to the fire escapes. The blaze started 
in the cellar and when the firemen arrived they found Harry 
Atwater, the engineer of the building, lying on the floor uncon- 
scious. He had been overcome while trying to check the flames 
with a small hose. While some of the fire-fighters tackled the 
blaze others helped the last of the girls from the fire escapes. The 
flames spread so rapidly that the girls had to come down through 
smoke clouds and many were weak and giddy. The coolness of 
the forewomen and the fact that the building was provided with 
large fire escapes on all four sides prevented loss of life. The 
firemen who got to work in the cellar found that they had an 
unusually tough job. Men began dropping as soon as they carried 
in the hose lines and it was necessary for the fire fighters to keep 
in close touch with each other lest a man drop and be lost in the 
smoke." 

The fire drill is the only salvation to save human life in our fac- 
tory today. It not only familiarizes the employees with the actual 
conditions of the exits, aisles and floors, as they are found, but 
likewise gives a feeling of security as a whole and prevents possible 
panic. I plead today that the building laws of the United States 
place the fire drill in the same position as your fire escape, your 
gong, your red light, your fire proofing, and your unit stress on 
your rivet. On the walls of your factories you place a certificate 
of strength, showing just how much the floor will carry. I ask you 
for another certificate, a certificate of safety showing the character 
and size of the exit with a proviso that if occupied by a certain 
number of people, a fire drill shall take place in that factory at 
least once a week. This should not merely be a perfunctory per- 
formance, but should have a penalty like any other violation. The 
position of the fire drill has not obtained a place in our building 
law as it should have. It should go with the exits, as the certificate 
of strength goes with the floor. 
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I have merely suggested the workings of the "Unwritten Law. 
Let the makers of our laws differentiate between laws and regula- 
tions, making public safety as a whole the object of the former, 
and structural strength by the bureau the aim of the latter: be 
wary of clauses giving present structure a long lease of life; give a 
better classification of buildings, pay more liberal appropriation to 
bureaus, pay more attention to exits, and place the fire drill in 
its right position, and you will have gone a long way to curb what 
I have termed the "Unwritten Law." 
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In the two decades between 1890 and 1910, the population of the 
continental United States grew from 63,000,000 to 93,000,000. 
During the same period the ton mileage of our railroads increased 
from 65,000 millions to 255,000 millions. Stated otherwise, while 
the population was increasing 50 per cent., the railroad ton mile- 
age was increasing 400 per cent. To satisfy the demands of traffic 
in 1890, the railroads of the United States moved the equivalent 
of one ton of freight a distance of 1,032 miles for each individual. 
To satisfy the same demands in 1910 it was necessary to move the 
equivalent of one ton 2,742 miles. 

Measured by any yard-stick we choose to apply, we are con- 
fronted with the same result, to wit, that traffic and production 
are increasing much more rapidly than population. Between 
1890 and 1912 the production of pig iron, a recognized barometer 
of business, grew from 8 3^ million tons annually to nearly 30 
million tons, an increase of 350 per cent. In the same period the 
coal production grew from 140 million tons to 550 million tons, an 
increase of 400 per cent. The manufacture of Portland cement 
had scarcely commenced in 1890, and amounted to only 1 J^ 
million barrels in 1895. Last year the production was over 75 
million barrels. Between 1889 and 1912 the freight tonnage on 
the "Soo'* Canal grew from 7,400,000 tons to 71 million tons, an 
increase of 960 per cent, in twenty-three years. 

The graphical method is frequently resorted to in engineering 
questions, for the purpose of determining probable future develop- 
ments. If we were to plot the curve of population for several 
decades past, we would obtain a fairly straight line showing an 
annual increase of about 1.5 per cent. The curves of production 
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and traffic for the same period would be found to lie above the 
curve of population, with a strong tendency to escape at the top 
of the diagram. We may well pause to inquire whither we are 
going, and how long will the curves of traffic and production con- 
tinue to rise at their present extraordinary rates. These questions 
not only present grave problems to the engineering profession, but 
are also intimately concerned with the present and future social 
and industrial status of the population. 

In seeking for a reason for the greatly increased traffic demands 
of recent years, we are confronted with the difficulty of distin- 
guishing between cause and effect. Unquestionably, traffic de^ 
pends upon production and this in turn upon consumption, and 
we must, therefore, conclude that the increased traffic is the result 
of greatly increased consumption. But it may be said with equal 
truth that consumption is limited by production and traffic. In 
point of fact, all are inter-dependent and must keep pace with one 
another. The universal application of machinery to the arts and 
industries has greatly increased human efficiency and multiplied 
production and consumption manifold, placing within reach of 
the humblest and poorest comforts and conveniences undreamed 
of a century ago. New wants are being constantly created, and 
the luxuries of yesterday become the necessities of tomorrow. 

It is related of Diogenes that he lived in a tub, with no other 
articles of furniture than a lantern and cup. Could we all live as 
simply as Diogenes there would be no transportation problems. 
But who wants to be Diogenes? Man these days requires and 
demands considerably more than the irreducible minimum neces- 
sary to provide food, shelter and clothing, and there are no present 
indications of any disposition to diminish these demands. We 
may, therefore, confidently expect that consumption, production 
and traffic will continue to increase in the immediate future, and 
perhaps for an iYidefinite time. Whether this condition of affairs 
is best for the human race is a sociological rather than an engineer- 
ing question. Its effect on society is, however, plainly apparent 
in the steady change from an agricultural to an industrial com- 
munity, in the increase of the urban at the expense of the rural 
larger cities, with its attendant complex problems of water supply, 
sewage disposal, intra-mural transportation and sanitation. 

In 1890, the rural and urban population stood at 63.9 per cent, 
and 36.1 per cent., respectively; in 1910, these figures were 53.7 
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per cent, and 46.3 per cent., and in fourteen states the urban ex- 
ceeded the rural population. These statistics are based upon an 
arbitrary classification, towns of 2,500 or less being treated as rural 
communities. Economic conditions, on which cheap transporta- 
tion is undoubtedly a large factor, are responsible for the phe- 
nomenal growth of cities which have brought us the 55-story 
building with sub-sub-cellars, networks of street car lines above, on 
and below the street surface, and stupendous municipal improve- 
ments calling for fabulous expenditures. While there is every 
reason to believe that traffic, production and consumption will 
continue to increase, there are not wanting signs that there are 
practicable limits to the growth of cities. Land values and taxa- 
tion in the large city are becoming increasingly heavy burdens on 
industries and transportation, and sooner or later must operate 
automatically to check growth. 

Reduced to its simplest elements the problem of transportation 
is concerned with the transfer of material from one locality to 
another. Under the influence of gravity such transfer invariably 
involves the overcoming of resistance, hence calls for the expend-^ 
iture of energy and the performance of work. Increased efficiency 
in transportation methods can be secured only by a reduction of 
resistance or by a cheapening of the cost of the energy employed, 
and the successive stages of development are due solely to these 
causes. The primitive men who first discovered and applied 
rolling friction, or who utilized the buoyancy of water, marked 
epochs in the history of transportation no less than they who first 
applied steam and electricity as prime movers. In fact, it may 
well be questioned whether any event in the development of trans- 
portation equals in importance the invention of the wheel, which 
forms the fundamental basis of all our land transportation. Since 
the adoption of the wheel all improvements in transportation 
have been the result of either improved motive power or of im- 
proved paths offering less resistance. Animal power has been 
largely replaced by mechanical power, and the metalled road 
surface by the steel rail. A freight locomotive moving at an 
average rate of 15 miles per hour will haul 2,000 tons of freight 
a distance of 150 miles in 10 hours, equivalent to 300,000 ton miles. 
A team of horses on the best of metalled roads cannot haul 2 tons 
more than 20 miles in the same time. To equal the work of the 
locomotive there would be required 7,500 teams, with an equal 
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number of drivers. These figures speak for themselves, and 
obviously make a comparison of operating costs superflous. 

In the steam or electrically operated railroad there has been 
developed a means of land transportation which has enormously 
expanded traffic, revolutionized industries, and exercised a pro- 
found influence upon the social status of mankind. It should, 
however, not be overlooked that the conditions created by the 
railroads, like the railroads themselves, are largely artificial. We 
are accustomed to the belief that the very large modern city is a 
product of improved methods of transportation, and this is true 
in a measure, but there are today in China a number of cities with 
over a million inhabitants, which have managed to get along with- 
out the railroad. At the height of her glory, Rome counted 
1,400,000 inhabitants, with no other means of transportationt han 
the packhorse, cart and galley. But neither ancient Rome nor 
the Chinese cities enjoyed such comforts and conveniences as 
automobiles, electric lights, furnace heated houses, penny papers, 
moving picture shows, or the thousand and one other things which 
make up what we are pleased to call modern civilization. Im- 
proved transportation has simply stimulated production and con- 
sumption, and with them has produced the conditions which now 
obtain. The sudden elimination of the railroads from our civiliza- 
tion and a return to the old order would indeed be a calamity. 
Many persons who have acquired fixed habits would undoubtedly 
succumb to the shock, but the human race would not suffer ex- 
tinction. Transportation in some form or other has always been 
a necessary factor in human welfare, and even in the days of the 
cart and packhorse amounted to a considerable quantity in the 
aggregate. What chiefly differentiates modern from ancient 
methods of transportation is its enormous volume, long haul and 
concentration. 

The Railroads 

The United States is preeminently a country of the railroads 
and unquestionably owes its phenomenally rapid development to 
this agency of transportation Of the 650,000 miles of railway 
line in the world, the United States possesses 244,000, or more 
than one-third, and is easily first in the ratio of mileage to popula- 
tion, if not in the ratio of mileage to area, in which she is surpassed 
by the smaller but more densely populated countries of Europe. 
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In 1910, the railroads of the United States were equipped with 
59.000 locomotives 2,300,000 cars, and employed 1,700,000 people 
in their service. Their outstanding capital was 18,000 millions of 
dollars, and their gross revenues 2,750 millions of dollars, which 
amounts to an average annual payment of $30 for each inhabitant 
for railway transportation. Successive economies in operation 
and administration, as well as increased volume of traffic, have 
reduced transportation charges to an astonishingly low figure, 
which has been maintained for a long period notwithstanding 
increasing wages, higher priced materials and increased taxes. 
The average freight rate of 20.9 mills per ton mile which obtained 
in 1865 fell steadily until in 1888 it reached the figure of 7.7 mills 
per ton mile, a reduction of nearly two-thirds in twenty-three years 
Since 1888, the average ton mile freight has remained practically 
stationary, being given as 7.48 mills for 1911 in Poor^s Manual. 

The fact that railway management has been able to maintain 
freight rates in the face of the marked rise in prices of labor and 
material, and still pay dividends, is no mean tribute to the wisdom 
energy and ability of the officials. 

Since 1890, most of the trunk line railroads have practically 
reconstructed their systems. Heavy expenditures, both of capital 
and of surplus earnings, have been invested in reducing curvature 
and grades, rebuilding bridges supplying heavier equipments and 
in improving terminal facilities, all of which have conduced to 
economies in operating expenses and have enabled the railroads 
to maintain the present low rates. The question of greatest con- 
cern to the public at the present moment is whether we may look 
for a still further reduction of freight rates. On the basis of the 
traffic reported for 1910, a reduction of 1 mill in the average ton 
mile freight rate would effect a saving of $255,000,000 annually 
to the public. In view of the world-wide rise in prices, it seems 
hardly possible that there will be any material reduction in the 
cost of railway transportation. In fact, the immediate future 
threatens an increase of freight rates, as evidenced by a number 
of applications to the Inter-State Commerce Commission with 
this object in view. 

That further economies in railroad transportation are still 
practicable cannot be questioned. While we appear to have about 
reached the economical limit of reduction in train resistance, with 
our present system of track and rolling stock, there are still pos- 
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sibilities of considerable economies in the matter of train operation 
and terminal expenses. In 1880, the average freight train load 
was only 129 tons. In 1910, this had increased to about 350 tons. 
Considering the power of the modern locomotive to haul hea\^^ 
loads, there is still room for considerable improvement in train 
loads with resultant economy. Further improvement in car 
capacity in comparison with car weights may also be looked for. 
At present freight cars have a rated capacity of from 2 to 2 3^ 
times their weight, which means that even with fully loaded cars 
about one-third of the train load is tare weight, bringing no rev- 
enue. The Norfolk and Western Railway has recently put into 
service a coal car of 200,000 pounds capacity, w^eighing 62,500 
pounds, giving a ratio of 3.2 of capacity to weight. As indicating 
the possibilities of train loads, it may be mentioned that about a 
year ago a single Mallet locomotive hauled a total load of 9,120 
tons on the Virgin an Railway, of which 6,600 tons was paying 
freight. The train consisted of 120 loaded coal cars containing 
55 tons each, and the haul of 120 miles was made at an average 
running speed of 15 miles per hour. 

In general the larger the container, the greater the proportion 
of the net weight of contents. Unfortunately, limitation of clear- 
ances and stability with the present gauge have placed a limit 
upon the height and width of cars, and the increase of but one 
linear dimension will not have any very marked effect in improving 
the ratio between net and tare weights of freight car loads. In 
this connection it is open to argument whether a broader gauge 
than standard, permitting the use of larger cars and heavier loads, 
with shorter trains, would not afford more economical transporta- 
tion. Were it a matter only of long haul through traffic, there 
could be no question as to the superiority of a broader gauge, but 
considering transportation as a whole, the unsuitability of unduly 
large equipment for feeder lines and the advantage of an inter- 
change of cars, the present standard gauge is perhaps not far 
wrong. 

In the matter of efficiency of freight car equipment, much re- 
mains to be desired. In 1890, statistics of 1,000,000 freight cars 
in service showed that the average daily distance moved was only 
from 17 to 25 miles, a two hours' run. In a recent article by the 
General Superintendent of Transportation of the Illinois Central 
Railroad, there appears to have been but little improvement in 
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this particular, the average movement of all freight cars on that 
line being but 27 miles per day. The records showed that as an 
average for each month, 13 days were spent in loading and un- 
loading, Sy^ days in moving, and 13^ days standing. Even a 
slight increase in the daily car mileage would result in large econ- 
omies, both in first cost of equipment saved, and increased revenue 
from equipment in use. This is a question of operation and 
terminal facilities, which constitute the chief fields for the practice 
of further economies. In comparison with haulage charges the 
terminal freight charges in large cities are unduly high. Con- 
gested freight stations, antiquated methods of loading and unload- 
ing cars and high cost of land are laying a heavy embargo on trans- 
portation to and from the largest cities. To remedy these condi- 
tions will call for heavy expenditures, but unless terminal facilities 
keep growth with the ever increasing volume on tonnage the 
traffic capacity of the railroads will soon attain its limit, and this 
long before track capacity shall have been reached. Since 1890, 
railroad mileage has increased 50 per cent., while the ton mileage 
has increased 400 per cent., and the density of traffic is susceptible 
of still further increases, but only on condition that freight terminal 
facilities and the efficiency of freight equipment be increased cor- 
respondingly. 

Whether we may ever expect any radical change in track con- 
struction is problematical. Systems of construction like the 
mono-rail, overhead and gyroscopic, or the sliding railway ex- 
hibited at Paris in 1889, afford promising possibilities in the way 
of reducing tractive resistances, but the cost of their installation 
has so far prevented any economical results. The question of a 
change of motive power, from steam to electricity is an open one. 
For city terminals electricity has certain advantages which have 
led to several notable installations, and there are indications of 
its extension to main line traffic where hydro-electric plants offer 
attractive rates for power. For the time being the question of 
electricity or steam is more a question of convenience than of 
economy, and we may expect the steam locomotive to hold its 
own for some time in the future. To sum up railroad transporta- 
tion, further improvements in haulage costs will probably not be 
material, but in the matter of operation and of terminal charges 
there is still room for important economies. 
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Motor Vehicles 

About fifteen years ago the automobile made its first appear- 
ance upon the streets of our cities as a practicable pleasure ve- 
hicle. Today over one million machines are hurrying and scurry- 
ing through the highways and byways of our vast land. As a 
pleasure vehicle, the automobile has practically displaced the 
horse-drawn carriage, not because it is a cheaper form of transpor- 
tation, but because one can go farther and faster and have more 
fun. While the large number of pleasure cars has not been without 
some effect on passenger transportation, especially intra-mural 
and suburban, this has been small in comparison with the volume 
of the business, and merits no further consideration. 

Within a very few years, however, the self-propelled vehicle has 
been applied to uses other than pleasure, and promises to become 
a real factor in the transportation problem. I refer to the rapidly 
increasing adaptation of the motor truck to commercial uses, 
which greets one on all sides in and about our larger cities. The 
mere fact that progressive merchants, manufacturers and con- 
tractors, to whom the question of dollars and cents is of paramount 
importance, are committing themselves to motor trucks for de- 
livery and haulage purposes is suflScient evidence of the economical 
advantages over horsedrawn vehicles. 

Motor trucks are now manufactured with capacities up to 10 
tons, and by suitable modifications of their bodies are adapted to 
a wide range of special services. Greater loads and greater speeds 
have established conclusively the economy of the motor as com- 
pared with the team for all classes of city and suburban delivery 
where good roads are available. Under favorable conditions a 
heavy truck will negotiate 300 to 400 ton miles per day, as much 
as 7 to 10 teams of horses. A prominent maker of motor trucks 
claims a cost of 4 J/^ cents per ton mile as compared with 11 cents 
for teaming. 

Although motor truck transportation is still in its infancy, it 
has already assumed formidable proportions. Many manufac- 
turers of pleasure cars have added commercial cars as a branch of 
their business, while other concerns limit their output entirely to 
this class, and all are prospering. Aside from its already estab- 
lished advantages as a means for delivery and haulage within 
cities and their immediate suburbs, there are other possibilities 
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for the motor truck, some of which have a direct bearing on the 
general problem of transportation. A motor truck can be handled 
with much more certainty in cramped quarters than can horse- 
drawn trucks. This will enable them to nm directly into ship- 
ping and packing rooms to receive or discharge their loads, without 
the necessity of trucking. By porper arrangements at freight 
receiving and delivery stations, motor trucks can be nm directly 
alongside freight cars, and trucking saved at this point likewise. 
The reduction or elimination of trucking charges will go a long 
way towards reducing terminal charges which form so large an 
element in transportation costs. 

Another use for the motor truck is in the direct haulage of freight 
over considerable distances, cutting out intermediate railway 
haulage. Such direct deliveries will save rehandling and often 
packing, and where the distance is not so great, but what the truck 
can return to point of origin the same day, may afford as eco- 
nomical a service as the railway, as well as a speedier one. 

A necessary adjunct of motor vehicles in their present state of 
efficiency is good roads. Without good roads the motor vehicle 
loses all its advantages over the horsedrawn vehicle. In compar- 
ing transportation cost by motor truck with other forms, the cost 
of constructing and maintaining good roads should be charged, 
in part at least, to the motor truck. Since the advent of the 
automobile there has been a widespread popular movement for 
improved highways, and vast sums have already been expended 
on this account, while still larger expenditures are in contemplation. 
In both first cost and in maintenance the character of highway 
demanded for motor vehicles is much more expensive than ap- 
propriate for wagon traffic. High speed passenger and heave 
commercial cars are very destructive to ordinary road surfaces 
and the increased cost both of construction and maintenance 
should be charged against this new form of traffic, instead qf being 
borne by the general community. 

Until there is a vastly great mileage of improved highways, 
we may expect the field of the motor truck to be limited to the 
larger cities and their immediate suburbs, and in this field it has 
abimdant possibilities for development. In Europe with its net- 
work of excellent highways and dense population there is a better 
field for the motor truck outside of city limits, and this form of 
transportation has consequently made greater progress than in 
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the United States. In both France and Germany the motor truck 
has already largely displaced the baggage wagon for the supply 
of armies in the field. Experiments along the same line in the 
United States have proven less reassuring, owing to poor country 
roads and weak bridges, and the passing of the army mule is still 
for the future. 

Water Transportation 

On a good macadam road a team of horses can move 4 tons; on 
a track laid with steel rails the same team can haul 10 tons; hitched 
to a canal boat it can haul 200 tons. In other words, at low 
speeds, the tractive resistances of water-borne loads are approxi- 
mately one-twentieth of those on a steel laid track. With such 
an advantage in its favor, it may well be asked: Why has not 
water transportation held the field against all other forms? Not- 
withstanding that, in certain European countries, canals and rivers 
are still important as transportation routes, and it is a fact that 
in the United States inland navigation, with a few notable excep- 
tions, it is not only languishing, but has almost suffered extinction. 
In spite of generous and persistent appropriations by a paternal 
government for the improvement of rivers and the construction 
of canals, navigation has failed to respond, and the yearly returns 
indicate a declining tonnage. Of the numerous state canals built 
between 1820 and 1840, all have succumbed save the Erie, and 
its traffic has not kept pace with the growth of the country. It 
has not infrequently been charged that the decline of our inland 
water transportation was brought about by the deliberate 
machinations of the railroads. While we may safely assume that 
there is no love lost between rivals in business, it is inevitable that 
in the final analysis, the survival of the fittest will be determined 
by economical considerations alone. The triumph of the railroad 
in conrpetition with the early canal is due solely to the fact that 
the former proved itself a better all around agent of transporta- 
tion. There are a number of reasons to account for this, among 
which the following are the more important. 

1. The greater adaptability and flexibility of the railroad to 
meet the wants of transportation, and its relative independence 
of topographical consideration as compared with water routes, 
which must follow more or less available natural water supplies. 
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This enables railroads to be located so as to go after existing or 
potential traffic where a water route would be economically im- 
practicable. 

2. Railroads can bring their transportation facilities to the very 
doors of industries by running switches into factories and ware- 
houses, thus eliminating cartage charges. To secure the same 
advantages with a water route the industries would have to be 
located upon the edge of the channel, where foundations are some- 
times troublesome and where flood damages are liable. 

3. The greater reliability of railroad service, which is not sub- 
ject to flood and ice interruptions, such as frequently occur on 
water routes. 

4. The superiority of the railroad for passenger traffic and ex- 
press business in the matter of speed and in the ability to haul 
freight long distance without breaking bulk. 

In the matter of actual economy it has been demonstrated that 
under favorable conditions the railroads can haul coarse com- 
modities like coal and ore at a rate as low as 4 mills per ton mile, 
with a profit. Such a rate will compare favorably with water 
rates on restricted channels, either artificial or natural. In order 
to realize the potential economy inherent in the low tractive resist- 
ance of water borne loads, channels of ample cross-section, per- 
mitting the use of large boats at fair rates of speed, are needed. 
Such channels must not only provide a margin of depth over draft 
to allow for the "squat" of the boat when under way and to ob- 
viate the ''drag" which results when the hull is too near the bot- 
tom, but also ample width to reduce wave wash and consequent 
damage to the banks. Observations recently made on the upper 
Hudson indicate that the squat of a boat under way is a function 
of the speed and depth of channel. In the case of the "Hendrick 
Hudson," a steamer 400 feet long and 93^ to 10 feet draft, the 
.observed squat in water 135 feet deep at 22.5 miles per hour was 
.99 foot; at 11.5 miles per hour in the same depth the squat was 
only .15 foot. In water 14.4 feet deep the squat was 1 foot at 
9.14 miles per hour, with a squat of over 3 feet. The effect of drag 
is to increase the power required to drive the boat at a given speed, 
as well as to limit the speed if channel depths are insufficient. 
The swell likewise is a function of depth of channel and speed of 
boat. In the case of the "Hendrick Hudson," the swell when 
running at 22.5 miles in water 135 feet deep was about 1 foot, and 
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its effect inappreciable at a distance of 1;000 feet. In a channel 
770 feet wide and 12 feet deep, while running at 11 miles per hour 
the swell at the shore measured 5.5 feet from hollow to crest. 
Ordinarily the provision of purely artificial channels of adequate 
dimensions to permit of free and easy navigation will involve so 
large a capital outlay as to make economical returns without a very 
large volume of traffic. Comparisons of rail and water rates are 
frequently misleading for the reason that no account is taken of 
the capital charges against the cost of channel improvements when 
these improvements are made at the expense of National or State 
Governments. A correct analysis of transportation charges on 
existing water routes in which capital and operating charges are 
included will reveal the fact that water rates are often higher than 
railroad rates. Government expenditures on water routes are not 
infrequently supported by the plea that even if they do not develop 
a traffic that will show returns, they serve the public indirectly by 
acting as a corrective on exorbitant railroad charges. Granting 
this to be true in certain cases, it would appear that a more certain 
and less expensive method for correcting railroad rates might be 
devised. 

In Europe inland water transportation makes a better showing 
than in the United States, and water-borne traffic is still a factor 
in internal commerce. This is accounted for, partly at least, by 
the fact that in European countries centers of population and of 
industry were located on available water routes long before the 
advent of the railroads, and that trade accustomed itself to this 
mode of transportation. When the railroads made their appear- 
ance in the United States much of the country was still an un- 
developed wilderness. The new agent of transportation with its 
flexibility and independence of topographical conditions permitted 
the establishment of towns and industries without reference to 
water routes, and at points where water transportation is eco-. 
nomically impossible. The shorter hauls and denser populations 
of European countries also favor water transportation. Ger- 
many, with 200,000 square miles and 65,000,000 people has one 
mile of railroad for each 1,600 population, as against one mile for 
each 400 in the United States. But even in Europe many of the 
old time canals are failing to show economic returns and are ex- 
periencing a declining traffic. 

The fact that haulage charges are admittedly lower by water 
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than by rail, and the phenomenal success of certain notable water 
routes is no doubt largely responsible for the popular fallacy that 
transportation by water is always cheaper than by rail. Unfor- 
tunately, haulage charges do not constitute the sole factor in the 
cost of transportation, and not always the largest part thereof. 
In average country a single track railway 100 miles long can be 
built and equipped for about $5,000,000. A canal of equal length, 
with single locks adapted for 300-ton barges, will cost about twice 
as much. On the assumption of one boat locked up and one 
locked down every hour for every day in the year, a fair assumption 
for a canal of this type, we secure the maximum traffic capacity 
of 2,500,000 tons per year. With sidings every 15 miles the rail- 
road can handle 5,000,000 tons per year. To meet capital charges 
at 5%, the canal would have to charge 2 mills per ton mile, as 
against J^ mill per ton mile by the railroad. For such commodi- 
ties as are suitable for canal transportation, the difference of IJ^ 
mills per ton mile to cover capital charges will go a long way 
towards meeting any difference in haulage cost in favor of the 
canal. 

No more convincing evidence of the inability of the small canal 
to compete economically with the railroad could be afforded than 
the present state of decadence of the many canals constructed in 
the United States shortly before the advent of the railroad. The 
Morris, the Lehigh, the Schuylkill, the Delaware and Raritan, 
the Delaware and Chesapeake, the Chesapeake and Ohio, and 
many others of like character have all succumbed to the competi- 
tion of the railways. The Morris Canal, chartered in 1824 and 
completed in 1836, was built to carry anthracite coal to tidewater 
at New York, a distance of 107 miles, and designed for a maximum 
annual capacity of 1,000,000 tons. It passes through difficult 
country, surmounting an elevation of 900 feet above tide water 
by means of 22 inclines and 30 locks. The boat of 70 tons ca- 
pacity, built in two sections for separation at the inclines, took 53^ 
■days to make the journey to Jersey City. Although a triumph of * 
engineering, it is little wonder that this canal was forced out of 
existence by the competition of the railways, three lines of which 
parallel the canal, each line with an annual traffic capacity of 
10,000,000 tons, and capable of hauling train loads of 2,000 tons 
in 5 hours. 

While small canals of the type in question are no longer capable 
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of holding their own against the railroads, it must not be over- 
ooked that their construction for the most part antedates that of 
their rival, and when undertaken they were a great advance upon 
transportation by the ordinary highways, and that they played 
no small part in the development of our country. Of all these 
earlier canals the sole survivor as a transportation factor is the 
Erie, whose resuscitation is now being undertaken by the State of 
New York at an expense of some $130,000,000, so as to permit 
of traflSc by barges of 1,000 tons capacity on a depth of 12 feet. 
It is expected that this will result in a canal rate of 2-3 of a mill 
per ton mile, a rate beyond the possibility of competition by the 
railroads. It remains to be seen whether the hopes of the sup- 
porters of the enlarged Erie Canal will be realized. As a con- 
necting link between the conmierce of the Great Lakes and the 
Atlantic seaboard the canal has tonnage possibilities which may 
justify the expenditures involved through savings to the public 
in transportation charges, but it must not be overlooked that at 
4% these savings should be $5,200,000 annually to cover capital 
charges. Evidently the tonnage must be heavy to effect such a 
saving. Whatever opinion may prevail as to the wisdom of the 
present project for enlarging the Erie Canal, the original canal 
was a fortunate and profitable undertaking, and contributed largely 
to the commercial supremacy of New York. Until the close of 
the Civil War the canal tonnage exceeded that of the competing 
railways, but after that it fell hopelessly behind, not so much be- 
cause of a decline of tonnage on the canal, as because of the enor- 
mously rapid growth of the railway tonnage. 

Transportation by water is subject to the same economic laws 
as any other method of transportation, and may or may not be 
more economical than rail transportation. Given ample natural 
waterways and an ample tonnage, water transportation will show 
an economy far beyond that of the railroad. A natural water 
route offers a free right-of-way without capital or maintenance 
charges, and gives the water route an advantage which the rail- 
road cannot possibly overcome. An example of a successful 
inland water route is that of the Great Lakes, which afford over 
800 miles of navigation from the head of Lake Superior to the 
foot of Lake Erie, obstructed only at the rapids of the St. Mary's 
River and at the narrows of the St. Clair and Detroit Rivers. 
Favored by ample channels and by an enormous tonnage of coarse 
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freight, such as ore, coal, grain and lumber, the commerce of the 
Great Lakes has advanced by leaps and bounds in a manner 
truly impressive. In 1883, the tonnage at the Sault Canal was 
reported at 2,267,105 tons. In 1912, the canal handled over 
70,000,000 tons, a more than 30 fold increase in 30 years. Prac- 
tically all the tonnage in the Sault Canal is through freight between 
upper Lake Superior and lower Lake Erie points, and is hauled 
nearly 800 miles. Reduced to a ton mileage basis, the freight 
locked through the Sault Canal in 1912 represents 56,000,000,000 
ton miles of traflBc, nearly one-fourth the total ton mileage of all the 
railroads in the United States in 1910. Huge as this tonnage 
may be, it does not cover all of the Great Lakes traflBc, as it takes 
no account of tonnage between Chicago and lower lake ports, nor 
of tonnage between local points. This enormous traflSc is carried 
on during but 73^ to 8 months of each year, navigation being 
stopped by ice for the remaining months. 

The growth of the Great Lake trafl5c has been so rapid as to 
seriously tax the ability of the Government to provide the needed 
facilities, especially lockage facilities at the St. Mary's River. 
In 1855 the State of Michigan completed the first locks, two ar- 
ranged tandem, each 350 feet long and 70 feet wide, with 9 feet 
lift, thus opening a 12-foot navigation on the Great Lakes and 
connecting waterways. In 1870 the Federal Government entered 
upon a project for a 16-foot navigation, including a new lock 515 
feet long and 80 feet wide, with a single 18-foot lift. This lock, 
known as the Weitzel lock, resulted in so rapidly increasing trafllc 
that in 1886 a project for a 20-foot navigation and a new lock on 
the site of the old State locks, measuring 800 by 100 feet, was 
entered upon. The new lock, known as the Poe lock, was com- 
pleted in 1896. 

In 1907, a project for a still larger lock with a separate canal 
approach, to measure 1,350 by 80 feet, with 243^ feet of water 
on the sills, was adopted, to be followed in 1912 by a project for 
an additional lock of the same size. The last two locks are now 
under construction. 

During the season of 1911, 20,242 vessels were locked through 
the American and Canadian canals in a total of 14,347 lockages. 
An average of 78 vessels daily passed the locks throughout the 
season of 237 days of navigation. 

The continued improvement of the Great Lakes waterways has 
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been accompanied by a continued increase in the size of the lake 
boats and a reduction in freight rates. In 1859, the largest vessels 
averaged 700 tons net register, with the 12-foot draft available. 
In 1890, when the 16-foot navigation had been finished, the av- 
erage net registered tonnage of the large vessels had grown to 1,500 
tons. With the present 20-foot navigation the largest vessels 
carry cargoes of 8,000 to 10,000 tons. In 1890, the average lake 
freight rate was 1.5 mills per ton mile; in 1912 it was reported at 
.67 mill per ton mile. These rates, of course, do not include capital 
charges, on account of improvements of the waterways, which are 
a gift of the Government. So large is the traffic, however, that 
the inclusion of capital charges would not increase the freight rate 
materially. 

The astonishingly low freight rate on the Great Lakes is the 
result not only of the potential economy of water transportation, 
but also to the development of special transportation faciUties for 
a more or less special transportation service. The bulk of the 
freight consists of ore, coal and grain, commodities which can be 
quickly loaded and unloaded, thus reducing terminal charges. 
Coal and ore chutes, car unloaders, hoisting and conveying ma- 
chinery and numerous hatchways enable the lake carriers to take 
on or discharge cargoes with remarkable speed, so that little time 
is lost in port. Such a combination of favorable conditions as 
obtain in the transportation business of the Great Lakes is, 
of course, unusual, and the low freight rates are in consequence 
exceptional. 

The mere existence of a. natural water route is of itself no guar- 
antee of an economical transportation service. Unless the route 
has traffic possibilities, it cannot show economic returns. The 
great volume of the traffic of the United States has for years 
moved, and still moves, on east and west lines. While the traffic 
of the Great Lakes is increasing yearly, that of the Mississippi 
River and its tributaries is at a standstill. Aside from obvious 
physical difficulties, due to floods and shifting channels, the direction 
of the river crosses the main arteries of commerce, and this of 
itself is a sufficient handicap to prevent the realization of the dreams 
of the waterways enthusiasts, who for years have been agitating 
a 14-foot channel from the Lakes to the Gulf, with ocean-going 
steamers tied to the banks. Fortunately, wiser counsel appears 
to have prevailed, and the danger of the Government committing 
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itself to such a monumental economic error as a 14-foot channel 
has been passed for the time being. Why a depth of 14 feet should 
have been selected by these enthusiasts is difficult to understand, 
for it is suited neither to ocean nor Great Lakes traffic. While 
depth is always desirable, especially for ocean or lake steamers, 
economical transportation is possible with depths considerably 
less than 14 feet. The Mississippi River now and for some time 
has afforded a 9-foot navigation from its mouth to Cairo, 8 feet 
to St. Louis, and 4J^ feet to Chicago. With practically the same 
depths, the Rhine enjoys an annual traffic of 54,000,000 tons by 
means of tows of barges. The barge of from 500 to 1,000 tons, 
with suitable towing boat, affords about as economical a system 
of transportation as any that has yet been devised, and if there 
are any traffic possibilities in the Mississippi River there is suf- 
ficient depth available to permit of their realization. Until the 
present possibilities have been exhausted it would be the height 
of folly to expend huge sums in securing greater depth, certainly 
not a depth of 14 feet, unsuited alike to either ocean or lake car- 
riers. What is more important than a deep channel from Chicago 
to the Gulf is a channel of more moderate depth which can be 
developed not only on the Mississippi, but also on its main tribu- 
taries, and the development of a system of navigation by carriers 
adapted to that depth. A depth of 9 feet will afford economical 
transportation by tow boats and barges, and this depth is already 
available on the Mississippi from the Gulf to Cairo, and is being 
provided in the Ohio by a system of canalization. With reason- 
able expense this depth can be carried to Chicago via the Chicago 
Drainage Canal, and in this way a system of internal waterways 
placed at the disposal of the public sufficient for a long time to 
come. Whether such a system will ever prove economical from a 
business standpoint is doubtful, but until traffic justifies, no greater 
depth than 9 feet is warranted. 

In the United States the railroad has unquestionably won out as 
the chief agent for inland transportation, by giving better service 
as well as frequently the most economical when all factors are 
included. This does not mean that water transportation is 
doomed. Under proper conditions, and within limits, water 
routes are economical agents of transportation, and with increase 
of population and of traffic the field for inland water transporta- 
tion will increase rather than diminish. 
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OcBAN Transportation 

On the ocean water transportation attains its greatest eco- 
nomical development. Large carriers, long hauls, and mechanical 
power for driving the ship and for loading and unloading cargo 
have brought ocean freight for bulk commodities to as low a figure 
as J^ mill per ton mile. With the growth of the world's traffic^ 
ocean tonnage has increased enormously, steam has replaced sails, 
and the size of carriers has increased tremendously. For 1911, the 
value of international trade is given at 30,000 millions of dollars, 
nearly all of which was carried in ocean bottoms. The share of 
the United States in this international trade amounted to 4,000 
millions of dollars, or more than one-eighth. In all countries 
there is a record breaking activity in shipping and in ship con- 
struction, taxing shipyard and harbor facilities to the utmost. 
The growth of ocean traflSc is but a reflection of the world's activ- 
ities, and, as in the case of railroad transportation, the national 
response to increased consumption and production. 

The item of chief interest in connection with ocean traffic is the 
size of the ship and whether there will be any limit in this direc- 
tion. Upon this item depends the planning and carrying out of 
the costly works of harbor improvements now going on in all 
quarters, including both channels and docks. Not only have 
ships' dimensions been increasing, but during the last few years 
this increase has been at an accelerated rate. Up to 1900 the 
largest steamship, typified in the "Oceanic" of the White Star 
Line, had a length of 685 feet, a gross tonnage of 19,000 and a load 
draft of 30 feet. Since then the increase has been by leaps and 
bounds, culminating in the "Imperator" of the Hamburg-American 
Line, now about to make her maiden voyage, 880 feet long,. 
50,000 gross tons, and 34 feet load draft. A still larger vessel,, 
the '^Vaterland," 950 feet long and 150 feet beam, has just left 
the stocks. So far as mere construction is concerned, there is no 
reason why the already large dimension of ocean leviathans may 
not be considerably increased. The structural materials now 
available, and the introduction of the turbine engine, without 
counting on further improvements, have not yet placed a bar on 
further increases of dimensions. So far as the shipowner is con- 
cerned, his interests lie in the direction of larger ships, not only 
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because of the fundamental economy in propulsion and the ability 
to attain increased speeds, but because of cwtain other advantages, 
among which may be mentioned: 

(a) Ability to maintain high speed in rough weather. 

(b) Greater steadiness and comfort to passengers. 

(c) Better and more spacious passenger accommodations. 

(d) The business attraction incident to having the largest, 
fastest and finest boats. 

Up to a certain point an increase of size is unquestionably ad- 
vantageous in the interests of steadiness and sustained sea speed. 
What this point is depends upon the size of storm waves and, 
judging by performance, is attained on the Atlantic by vessels in 
the express service of the great steamship companies, such as the 
vessels "Mauretania" and "Kaiser Wilhelm II," 700 to 750 feet 
long, and 30 feet load draft. Vessels of this type develop a speed 
of from 23 to 25 knots in all weathers, and maintain a regularity 
of service comparing favorably with the transcontinental express 
trains. Larger dimensions than those just quoted cannot be 
ji^ified on the grounds of steadiness and sustained speed, and 
the latest dimensions attained in the "Olympic," "Imperator" 
and "Vaterland," owe their adoption to other causes, probably 
to the desire for increased passenger accommodations and for no- 
toriety. 

If, then, there is to be any limit to the growth in size of ships, 
it must be sought for in causes outside limitations of construction 
and ambitions of ship owners. Such a cause is found in the limita- 
tions of draft imposed by existing physical conditions in most of 
the seaports and harbors of the world. That this cause has already 
exercised an influence in the dimensions of ships is evident from 
the manner in which ships have grown, the increasing being mainly 
in length, breadth and molded depth, with relatively small increase 
in draft. Since 1900 the largest vessels show an increase of 35% 
in length and breadth, as compared with only 10% to 12% in load 
draft. The reason for this is obvious. The provision and main- 
tenance of very deep approach channels, often of great length, 
and of deep water docks, impose expenditures and difficulties so 
large that even well intentioned government and port authorities 
may be excused for taking a reluctant attitude. That the de- 
mands of ship owners have been met in a generous spirit is evi- 
denced by the costly works of harbor improvement now under way 
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in all parts of the world. Staggering sums are being expended at 
the present time to provide accommodations for the large ships now 
in use, and one needs only to consider the vast engineering works 
at Bremen, Hamburg, Liverpool, London, Havre, New York, 
Buenos Aires, and other world ports to realize the obligations that 
have been imposed by the increased dimensions of vessels and the 
growth of the world's traffic. 

It is not only in the matter of deeper and more commodious 
channels required, but also in the enlarged port facilities that the 
very large ships of today are giving concern. The piers, dry docks, 
wet docks, and quay walls to accommodate these ocean monsters 
are exceedingly costly, and must eventually operate to limit growth 
in size if consideration be given to economical retiuiis. Hitherto 
the extraordinary growth of the world's commerce has enabled 
costly port works to be carried out under conditions which have 
either actually shown economic returns or have been considered 
justified by governments on the ground of general benefits, regard- 
less of returns on capital expenditures. If, however, ships con- 
tinue to increase at the present rate, it is certain that a point will 
be reached beyond which port and governmental authorities can 
not go in the matter of providing accommodations. It may well 
be questioned whether we have not already reached a point where 
capital charges for channel and port improvements do not exceed 
the economies resulting from carriage in large ships. 

As a matter of fact, the costly harbor accommodations now being 
provided serve relatively few ships, engaged in special service and 
plying between great centers of commerce and population. The 
great bulk of the world's carrying trade is still carried in ships of 
relatively modest dimensions, and not requiring excessive channel 
depths. An examination of the British register of merchant 
vessels for 1910 shows out of a total of 11,500 steel ships above 100- 
tons gross register, only 328 exceeding 7,000 tons, and only 20 ex: 
ceeding 15,000 tons. It is these very few large vessels, carrying an 
insignificant part of the world's commerce, which has forced the 
huge expenditures which are now being undertaken for port im- 
provements. It looks very much like a case of the tail wagging, 
the dog. 

The fact that we have the very large and fast steamers on our 
hands must be taken as prima facie evidence that their owners 
expect economical returns, either directly or indirectly. It nmst 
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not, however, be overlooked that the express steamers of the great 
European steamship companies are in receipt of considerable sub- 
sidies from their governments. The "Mauretania" and "Lusi- 
tania" not only receive an annual subsidy of $750,000, but were 
built by a government loan of $13,000,000, at the low rate of 2 3-4%, 
payable in 20 years. It is also noteworthy that a speed limit 
appears to have been reached in the case of these vessels, and that 
the latest additions to the roster of ocean giants are designed for 
slower speed and a larger cargo capacity, the latter feature being 
largely sacrificed in the fastest express boats. Where national 
prestige and national expenditures are concerned, as in the case 
of the building of large ships and the providing of berthing ac- 
commodations for them, economic considerations are often thrown 
to the winds. Demands of ship owners and rivalry of ports still 
further cloud the economic aspects of ocean traffic. But, in spite 
of all the factors operating to increase the size of ships, we may 
conclude that there is a limit to their growth, and that this limit, 
moreover, is not far from having been reached, due to limitation 
in channel drafts and to harbor facilities. 

The cost of dredging increases rapidly with increase of depth, 
not only because of the greater lift and reduced output of excavat- 
ing machines, but also because at the greater depths harder ma- 
terial is encountered. What the addition of one foot in depth 
means in the case of a channel like that of the Delaware River is 
shown by the fact that for each additional foot of depth 10,000,000 
cubic yards of original excavation must be made, costing at present 
average prices $1,500,000. At the depth now being sought, viz.: 
35 feet, the familiar Delaware River mud is changing to gravel, 
hardpan, cobblestones, boulders and some ledge rock, and unit 
prices are increasing. Much of the dredging-machinery now in 
use was not designed for work at such great depths as now re- 
quired, and cannot be employed in all places. Some of the dredges 
now at work in the Delaware cannot dig at high tide, their booms 
and ladders not being long enough to reach bottom. Not only 
does the cost of dredging increase rapidly with depth, but also the 
cost of wet and dry docks, piers and quay walls. For the present 
40 feet appears to be the limit of channel depth contemplated, a 
depth which has now been provided for New York Harbor, the 
Panama Canal, and several European ports. This depth provides 
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for the largest vessels now afloat or building, and leaves some 
margin for future increase. 

In this country it is the policy of the National Government to 
provide the necessary approach channels to ocean ports and to 
fix the harbor lines beyond which encroachments by riparian own- 
ers is forbidden in the interests of navigation. Until very recently 
the development of port facilities has been left to the several 
riparian owners without any central or general control. In Europe 
and elsewhere a different policy generally prevails, the administra- 
tion of the port as a whole, including the provision and mainten- 
ance of approach channels, being in the hands of a single body, a 
Board or Commission invested with the needful legal authority 
and deriving its funds from the sale of bonds, aided by contribu- 
tions from the States and municipalities. Charges are made for 
the facilities offered, and the revenues so derived are applied to 
the maintenance and improvement of the port and to pay capital 
charges. 

The principal requirements of a successful ocean port are: 

1. An approach channel of ample dimensions. 

2. Ample dockage facilities. 

3. Warehouse space. 

4. Freight handling machinery. 

5. Facilities for coaling and repairs. 

6. Railroad connections. 

7. A hinterland affording traffic possibilities. 

8. Low port charges. 

9. A unit control for the management and development of the 
port facilities. 

Port administration as heretofore practiced in the United States 
has been characterized by haphazard methods and a general lack 
of any definite policy looking to future growth and development, 
Out of some 50 principal coast and lake harbors, only two, San 
Francisco and New Orleans, are at present adequately admin- 
istered by a single authority operating under State laws. While 
other ports, like Boston, Philadelphia and Baltimore, have duly 
legalized port authorities, their usefulness is greatly curtailed by 
the fact that the greater part of the water front property is owned 
and controlled by private and corporate interests, mainly the 
railroads. Where such conditions prevail it is too much to hope 
that these interests will voluntarily improve their property in 
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accordance with any general policy looking to the benefit of the 
port as a whole, even when such a course will ultimately redound 
to their own a dvantage. Nothing short of the exercise of eminent 
domain and the acquisition of water front property by municipali- 
ties or states will ever result in a systematic port development. 
Such port facilities as we now find at most of the harbors in the 
United States are due mainly to the railro&dS; which have con- 
structed piers, tracks, elevators, coal and ore chutes, and other 
special structures to meet the requirements of their individual 
business, and which are generally free to vessels taking on or dis- 
charging cargo handled by the road. The generous attitude of 
the railroads towards vessels is made possible, of course, only by 
the absorption of the overhead charges for the terminal in the 
railway freight rate. 

In the matter of approach channels, a minimum depth of 35 
feet at mean low water may be regarded as essential to the require- 
ments of an ocean port. This does not mean that a vessel can 
load to this draft, for she must needs have some clearance under 
her keel to allow for "squat*' when under way, and to provide a 
margin for extraordinary low tides, which may fall two feet below 
the mean under certain directions of the wind. About 32 feet 
load draft is the maximum which should be attempted in a 35-foot 
channel at mean low water, and this is suflScient for the largest 
cargo steamers now in service. Of the competing ports on the 
North Atlantic seaboard, Montreal has a 30-foot channel, Boston 
35 feet. New York 40 feet, Philadelphia 30 feet, with a 35-foot 
channel under way, and Baltimore 35 feet. 

Boston's 35-foot channel is 7J^ miles long and cost about 
$9,000,000; New York's 40-foot channel is 7 miles long, and cost 
about $5,500,000; Philadelphia's 35-foot channel is nearly 60 miles 
long, and will cost about $11,000,000; Baltimore's 35-foot channel 
is 243^ miles long, and cost $3,500,000. Large as these expendi- 
tures for deep approach channels may appear, they are justified 
by the heavy and constantly increasing tonnages. New York's 
port tonnage for last year, including both foreign and coastwise, 
amounted to about 200,000,000 tons; that of Philadelphia to 
25,786,000 tons; and of Baltimore 10,123,355 tons. Boston's 
foreign tonnage alone was 12,258,000 tons in 1911, vnih probably 
three times as much more in coastwise tonnage. In view of the 
heavy ocean trafiic, large expenditures for ample channels at our 
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ocean ports need no defense, and are much wiser than those made 
in the fruitless attempt to develop internal traffic on our river 
systems. 

In the United States vessels are almost invariably docked at 
piers extending more or less at right angles to the approach chan- 
nels. The more commodious water areas available in the United 
States ordinarily admits of this course, where in Europe, vessels 
are locked into basins at one side of the channels and made fast 
to quay walls. Piers must be at least as long as the vessels they 
are to accommodate, and with the constantly increasing dimen- 
sions of ships, the encroachment of the longer piers in channel 
widths is becoming a serious matter. This question is giving 
New York Harbor serious concern at this moment, the Secretary 
of War having declined to permit of further pier extensions in the 
Chelsea district, where all the large express steamers dock. Piers 
mustal so have ample width to provide for the accommodation of 
cargo and passengers, the latest constructions showing widths of 
300 feet. Slips separating piers should be not less than 150 feet 
wide, so that two vessels may lie in the same slip and still have 
space between them for lighters to come alongside. 

In foreign ports much attention is devoted to freight handling 
machinery, to enable cargoes to be handled with dispatch. Travel- 
ing cranes, shear legs and like appliances are installed to handle 
package freight. In the United States little has been done in this 
direction save for handling bulk freight, like grain, ore and coal. 
At Boston, the Boston and Albany Railroad has a grain elevator 
designed to deliver 10,000 bushels of grain per hour to each of four 
hatches simultaneously, by a system of belt conveyors operated 
electrically. The elevated coal and ore pockets commonly in use 
enable a vessel to take on 7,000 or 8,000 tons in four or five hours. 
Since imnecessary delays in port are prejudicial to the interests 
of the port, it is important that docks be provided with the best 
and most rapid loading and unloading appliances, to enable vessels 
to make quick returns. 

As most ocean freight is transit freight, it is of course important 
that terminals should have rail connections. The best results are 
obtained by tracks running directly on the pier and close along- 
side the ships' hulls, so that freight can be transferred directly 
between ship and car. Where several railroads and several docks 
serve the same port, a belt or connecting railway is essential. 
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Low port charges are necessary to attract trade, and any dis- 
<;riniinations in this respect will injure the business of a port. As 
already mentioned, vessels using railroad owned terminals or- 
dinarily pay no wharf charges when their cargoes are handled, in 
whole or in part, by the railroads, the use of the piers being free to 
the vessel, and being treated as an incident in the business of the 
railroad. In Philadelphia, independent pier owners make a 
charge of IJ^ cents per ton per day for steamers and •from 3-4 to 1 
cent per ton per day for other craft, based on net registered tonnage. 
The railroads do not even charge for freight delivered over the 
vessel's side into barges or lighters and destined for other points 
in the harbor, nor is any charge made for freight consigned locally 
and hauled away in trucks or drays. Freight not removed in 4 
days is subject to a storage charge of 5 cents per 100 pounds for 
each 30 days or fraction thereof. Somewhat similar conditions 
obtain with railroad owned terminals at Baltimore and Boston. 
Other charges to which vessels using the port of Philadelphia are 
subject are the tonnage tax, pilotage, and tugboat service. The 
tonnage tax is a Federal tax, amounting to 2 cents per registered 
ton on vessels from Canada and the West Indies, and 6 cents per 
registered ton for vessels from other foreign ports, collected on five 
trips or less per year. From $150,000 to $200,000 is collected 
annually in tonnage taxes at the Port of Philadelphia. 

Pilotage is charged at rates authorized by state laws, and 
amoimts, roughly, to $5 per foot of draft. Tugboat charges are 
in accordance wifc schedule adopted by the Towboat Owners^ 
Association, and vary with the carrying capacity of the vessel. 
For a vessel of 5,000 tons capacity, the towage charge between 
Philadelphia and the Capes in $165 inbound, and $312 outbound. 
For docking steamers two tugs at $15 each are charged. 

The foregoing scales of charges to which vessels are subject 
prevail with small differences at Boston and Baltimore also. In 
New York many of the piers are municipally owned and rented 
to steamship companies. The Cunard and White Star Lines pay 
something like $70,000 annually per pier rented. The question 
of adequate port facilities is one of peculiar interest to Philadel- 
phia, for the reason that her port is in keen competition with 
several rivals for a share in the ocean trade of the North Atlantic 
seaboard, with its rich hinterland and heavy export and import 
tonnage. Montreal, Boston, New York, Philadelphia, and Bal- 
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timore are all in the race, with physical advantages so neariy 
balanced that any neglect on the part of those responsible for the 
port's development will surely lead to a decline of traffic. Trade 
is conservative, and once lost it is hard to recover. New York, 
with its 40-foot approach channel and the advantage gained early 
in the competition through the Erie Canal, has won a position 
from which she cannot well be dislodged. A commodious harbor, 
steamship li^es to all parts of the world, and ample railways to 
the hinterland have secured her supremacy as the premier port 
of the Atlantic seaboard. 

In the matter of distances there is little difference between the 
competitive ports under consideration. The distance from Chi- 
cago to Liverpool by the five ports varies from 3,813 miles via 
Montreal to 4,153 miles via Baltimore, a difference of but 340 
miles. Baltimore is the nearest to Chicago and Montreal the 
nearest to Liverpool. With approach channels and distances so 
nearly alike, and with practically equal rail connections to the 
hinterland, it will be readily seen that there is little to choose 
between Montreal, Boston, Philadelphia and Baltimore, save in 
the matter of port conveniences and facilities. 

Montreal is an example of a systematic and logical develop- 
ment of a seaport made p)ossible by the fortunate circumstance 
that she retained the ownership of her water front. The city not 
only builds and owns all the docks, but also the grain elevators 
and all track connections with railroad lines. A sufficient revenue 
is derived from switching charges, handling grain and rental of 
privileges to pay maintenance and operating expenses and inter- 
est on bonds, without charging the ship any wharfage. Unfor- 
tunately, the example of Montreal cannot well be followed by 
either Boston, Baltimore or Philadelphia, for the reason that 
neither city owns but a small percentage of the available water 
front. 

The duly constituted port authorities of both Boston and Phila- 
delphia are active in providing municipal terminals and in en- 
deavoring to build up the business of their respective ports so far 
as their means will permit. Aided by a State loan of $9,000,000, 
the Directors of the Port of Boston have recently completed two 
piers, each 1,200 feet long and 300 feet wide, costing from 2}/^ to 3 
millions of dollars each, and have voted the construction of a dry 
dock to cost $3,000,000. A contract has been made within the 
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year with the Hamburg-American Line for the inauguration of a 
high class passenger service with large ships of the "Amerika" 
class, 22,622 gross tonnage, and efforts are being made looking to 
the establishment of regular services to the Gulf of Mexico and 
the West Indies. The activity of the port of Boston and the 
support rendered by its State may well serve as object lessons to 
the port of Philadelphia and the State of Pennsylvania. 

Transportation in all its aspects is an exceedingly complex sub- 
ject, involving not only a wide range of technical engineering, but 
also intricate problems of economics and finance. But to the 
engineer, in the first place, is due the credit for the wonderful 
achievements that have been attained. Overcoming all physical 
barriers he has linked together by sea and land the remotest cor- 
ners of the earth, and has placed within reach of all the products 
of the world. Unfortunately, credit does not always fall where 
credit is due, and although the human race owes a heavy debt to 
the engineer for its material welfare and prosperity, the financiers 
and promoters are usually preferred creditors. 
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The most important question before the American people today 
is the Panama Canal in its relation to the foreign policy of the 
United States. We have, by the action of our Government, under 
the Act of Congress approved August 24th, 1912, in exempting our 
coasting trade from canal tolls, raised an issue of honor with the 
nation with which we are most closely connected by ties of inter- 
ests and race. Honor should come before interests, and the sub- 
ject requires the most careful treatment before the people commit 
themselves to a pohcy, which is not only opposed by England, but 
by all other nations as well, and which, if persisted in, will surely 
lower the moral standing of our country in the eyes of the world. 

Foundation op the Treaties 

It should be remembered that, at the time of the execution of 
the Clayton-Bulwer Treaty, England claimed sovereignty over a 
good part of Central America, including the Mosquito Coast, 
British Honduras and the Bay Islands. The government of the 
United States, sajrs a good authority, alarmed at the preponder- 
ance of British influence in Central America, cast about for a means 
of counteracting it. 

To oust England from her strong position by force was felt to 
be too grave an undertaking, even were the United States disposed 
to attempt it. But the American statesmen of the day were, as 
a rule, only intent in securing a free transit across the isthmus not 
under the exclusive control of any European nation. They re- 
solved therefore upon a i>eaceful and conciliatory policy; if England 
could not be got rid of, she might consent to act in conjunction 
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with the United States in guaranteeing the proposed isthmus 
transit. 

It was expected at first that the isthmian canal would be con- 
structed across Nicaragua; and the harbor of Gre3rtown, its At- 
lantic terminus, was included in the claimed possessions of Eng- 
land. 

She, then, at our instigation, entered into an agreement with 
the United States, known as the Clayton-Bulwer Treaty of 1850, 
and renounced her dominion over Greytown, in order that the 
canal might be built in accordance with the treaty, and during 
the lifetime of that document it was used as an argument to pre> 
vent Great Britain from extending her possessions in Central 
America, just as it was used in 1895 with regard to Venezuela. 

By this convention the United States was prevented from con- 
structing the Panama Canal without the consent of England, as 
per Article I of the treaty, which reads as follows: "The Govern- 
ments of the United States and Great Britain hereby declare that 
neither the one or the other will ever obtain or maintain for it- 
self any exclusive control over the ship canal. " In order to revoke 
this agreement, the United States was, later, forced to engage in 
another convention with England, that resulted in bringing into 
being the Hay-Pauncefote Treaty, which was promulgated 
February 22, 1902. As Secretary Hay expressed it, this treaty 
was exchanged "as a consideration for getting rid of the Clayton- 
Bulwer Treaty.'' 

Intention op the Negotiators 

Senator Root and some of the leading members of the United 
States Senate take the ground that under the Hay-Pauncefote 
Treaty the United States agreed to treat the vessels of all nations, 
including our own vessels, on equal terms in the matter of canal 
tolls, but some of the public press have taken issue with this view 
of the case, and contend that there is some ground for asking, 
whether, in framing the Hay-Pauncefote Treaty, the United States 
deliberately intended to waive in this wholesale fashion h3r au- 
thority to ^administer the canal for her own necessary protection 
with due regards to the just rights of the rest of the world. Of 
course, there could be no argument on this general proposition, if 
we agreed on what were the just rights of the rest of the world. 
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This we must judge from the intentions of those who were respon- 
sible for making the treaty. 

The intent of a law is the spirit in which it was established; and 
could there be any one in the country today, save the President 
of the United States at the time the treaty was made, who is so 
competent to define this characteristic of the treaty, as the pre- 
eminently able jurist, Senator Root, who as Secretary of War 
when the same was negotiated, was in charge of the colonial 
affairs of the Government, of which canal matters formed a part, 
and must have been in close touch and close accord with the great 
statesman, Mr. John Hay, Secretary of State, who signed it for 
the Government ? But aside from Senator Root^s official author- 
ity regarding the meaning of the treaty, I should like to present 
some facts as they appear to me. 

There are three factors in the problem, which seem to point to 
the conclusion that the United States did intend to treat the ves- 
sels of all nations, including her own vessels, on equal terms in 
the matter of canal tolls. 

Factor No, 1, — A part of Article VIII of the Clayton-Bulwer 
Treaty reads as follows: "The same canal or railways being open 
to the citizens and subjects of the United States and Great Britain 
on equal terms, shall be open on like terms to the citizens and 
subjects of every other state which is willing to grant thereto such 
protection as the United States and Great Britain are willing to 
afford." 

Factor No. 11. — By Article III of the Hay-Pauncefote Treaty, 
which replaces the former treaty, the United States again agrees 
to stand by the terms for equality of canal tolls in these words: 
"The canal shall be free and open to the vessels of commerce and 
of war of all nations observing these rules, on terms of entire 
equality, so that there shall be no discrimination against any such 
nation, or its citizens or subjects, in respect of the conditions or 
charges of traffic, or otherwise. Such conditions and charges of 
traffic shall be just and equitable." 

It is clear from this that the principle of neutrality and equality 
of interests were uppermost in the minds of the negotiators when 
the Hay-Pauncefote Treaty was signed. 

Factor No. III. — But again by Article XVIII of the Conven- 
tion between the United States and the Republic of Panama, of 
February 26, 1904, the United States adopts the same fundamental 
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provision in these words: "The canal, when constructed, and the 
extrance thereto, shall be neutral in perpetuity, and shall be open 
upon the terms provided for by Section I of Article III of, and in 
conformity with all the stipulations of, the treaty entered into by 
the Governments of the United States and Great Britain on No- 
vember 18, 1901." 

Is it possible for the able statesmen, who were responsible for 
the good faith of the Government of the United States, in under- 
taking a solemn obligation to have held a mental reservation that 
the word "all" in a treaty should not include the United States? 
I for one will not believe it. 

Discrimination of the Treaty 

But it is contended by some newspaper writers that the exemp- 
tion of American coastwise vessels, engaged in the transportation 
of American merchandise from one recognized United States port 
to another United States port, is not a discrimination against 
foreign nations, because such nations are debarred from engaging 
in this traflBc by our local laws, and they cannot be affected one 
way or another by the treaty. Let us stop for a moment and 
consider a case in point. Suppose that two vessels, one an Amer- 
ican ship and the other British, load cargo, the former at Belfast, 
Me., and the other at St. Andrews', New Bnmswick, ports near 
together on opposite sides of the St. Croix River, the boundary 
line between Canada and the United States. The American 
vessel proceeds to Port Townsend, Washington, via the Panama 
Canal and the British vessel by the same route to Victoria in 
British Columbia, just across the Straits of Fucca, from Port 
Townsend. The American vessel is given free passage through 
the canal, while the British ship is charged at the rate of from 75 
cents to $1.25 per ton for the cargo she has on board. Are these 
vessels on terms of "entire equality" as is required to be by the 
treaty? Is not this a discrimination against the British vessel? 
Many other cases of seeming flagrant injustice might be cited, but 
I think this is enough to show that England has "probable cause," 
at least, to make formal protest against the action of the American 
Government regarding the Hay-Pauncefote Treaty. 
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Akbitration 

But let us suppose for a moment that the words "All Nations" 
in the Hay-Pauneefote Treaty are susceptible of a construction 
that excludes the United States from the combination, the case 
then would seem to come under Article I of the Arbitration Con- 
vention between the United States and Great Britain, of April 4, 
1908, which reads as follows: "Differences which may arise of a 
legal nature or relating to the interpretation of treaties existing 
between the two contracting parties and which it may not be pos- 
sible to settle by diplomacy, shall be referred to the Permanent 
Court of Arbitration established at The Hague by the Convention 
of the 29th of July, 1899." 

Abrogation 

Mr. Hannis-Taylor, Ex-Minister to Spain, claims that the 
" radical changes in subsequent conditions wrought by the transfer 
of sovereignty over the canal zone to the United States, rendered 
the Hay-Pauncefote Treaty 'voidable,' and subject to modifica- 
tion or abrogation, no matter what its original meaning might have 
been,'' and owing to the illusion that this theory is correct, many 
people are in favor of abrogating the treaty. Here while the fact 
that "a contract ceases to be binding as soon as anything which 
formed an implied condition of its obligatory force at the time of 
its conclusion is essentially altered" is unquestionable, the premises 
regarding the conditions in this case are not well taken. In the 
first place, Article IV of the Hay-Pauncefote Treaty prescribes 
this contention altogether in the following words: "It is agreed 
that no change of sovereignty or of the international relations of 
the country or countries traversed by the aforementioned canal 
shall affect the general principle of neutrality or the obligation of 
the High Contracting Parties under the present Treaty. " 

But there is still another obstacle to even the consideration 
of such a contention as this, in my opinion, namely, the Conven- 
tion between the United States and the Republic of Panama. This 
only "grants to the United States in perpetuity the use, occupation 
and control of land and land under water for the construction, 
maintenance, operation, sanitation and protection of said canal 
* * * and all the rights, power and authority * * * which 
the United States would possess and exercise, if it were the sovereign 
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of the territory within which the said land and waters are located, 
to the entire exclusion of the exercise by the Republic of Panama 
of any such sovereign rights, power or authority." From this it 
would appear that this is not a grant of full sovereign rights to the 
United States, but rights as " if it were the sovereign of the territory' ' 
to perform specific acts that are well defined, in chosen words. 
Under this treaty there can be but little question that if for any 
reason the United States should fail to complete the canal or that 
Article XVIII of the treaty, as interpreted, not by the United 
States, but by some form of arbitration, the Republic of Panama 
would claim her sovereignty to the canal zone. 

No, let us arbitrate the Hay-Pauncefote Treaty if we must, 
but, preferably, let us do what England did for us at one time 
when the United States protested against unfair treatment in the 
matter of Canadian Canal Tolls. She caused the orders of the 
Canadian Government to be revoked, and acknowledged that a 
mistake had been made. It is better to be right than to have the 
Panama Canal. 

Monroe Doctrine 

There is still another factor in the foreign policy of the United 
States, that is intimately connected with the canal problem. This 
is the Monroe Doctrine. And in fact this doctrine may be said to 
be the genesis of all the negotiations relating to the Panama Canal, 
which have taken place up to the present time; and yet this "Ark 
of the Covenant" has no standing whatever in international law. 
Fiuiihermore, it has had so many different interpretations as to 
cause it to be Uttle understood by the American people. 

The original doctrine enunciated by President Monroe regard- 
ing our foreign relations insofar as the purpose originally intended 
is concerned is as obsolete today as was the Clayton-Bulwer Treaty, 
when it was amended, and it no more fits the present conditions 
than that did. It was designed originally in the interests of both 
the United States and Great Britain, which was, in 1823, the only 
constitutional monarchy in Europe, to guard against the forcible 
interference of the "holy alliance" between Spain and South 
America, but now that practically every country of the world is 
on a constitutional basis, several of them being indeed republican 
in form of government, there is no need to protect our neighboring 
republics from European powers, only insofar as it affects our vital 
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interests, and whether it does so or not can only be determined 
when the issue arises. As far as the basic principle of the Monroe 
Doctrine is concerned — the right of self defense — it is axiomatic, 
and does not require argument. When our interests are threaten- 
ed, an announcement, such as was recently made in a Congres- 
sional resolution presented by Senator Lodge on the subject of 
Mexico, will answer the purpose. 

President Monroe in his message to Congress December 2,. 
1823, laid down for a basis of our foreign policy this: "It is im- 
possible that the allied powers should extend their political system 
to any portion of either continent (North or South America) with- 
out endangering our peace or happiness, nor can any one believe 
that our southern brethren, if left to themselves, would adopt it 
of their own accord. * * * We owe it, therefore, to candor 
and to the amicable relations existing between the United States 
and those Powers to declare that we should consider any attempt 
on their part to extend their system to any portion of Otis hemisphere 
as dangerous to our peace and safety. " This announcement had 
two distinct purposes in view; first to guard the safety of the United 
States, and second to apply the doctrine to the whole of South. 
America. Of course, the essence of the doctrine is the defense of 
the United States, but so late as July, 1895, Mr. Olney, then Secre- 
tary of State, defined its territorial requirements as '*that no 
European Power or combination of European Powers should forc- 
ibly deprive an American State of the right and power of self 
government and of shaping for itself its own political fortunes 
and destinies, but it was futile (he said) to lay down such a rule 
unless its observance can be enforced. It was manifest that the 
United States was the only power on this hemisphere capable of 
enforcing it." 

Proposed Changes in the Monroe Doctrine 

The South American Republics were then in their infancy and 
were struggling against great odds for democratic government, and 
"the United States proclaimed herself the protector of the western 
world in which she was by far the stronger power" as Secretary 
of State Bayard expressed the situation, as a matter of necessity 
under the conditions then existing. The question now is would 
a forcible attempt by a European Power to acquire territory in 
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Argentina, at the extreme end of South America, which was then 
the principle objective threatened, be a menace to interests located 
so far away as those of the United States : It would seem that now 
the continent is practically cut in twain by the Panama Canal, 
and the trade route via the Straits of Magellan is neutralized, the 
forcible seizure of Staten Island at the extreme end of the conti- 
nent let us say could have no material effect on the vital interests 
of the United States, such as it would require force to protect. 
There is a growing disposition among well informed Americans, 
to limit the territorial extent to which the Monroe Doctrine should 
be applied, to the states in South America, that he to the north 
of the Amazon River, but here we are met with difficulties in my 
opinion surpassing those from which we should attempt to escape 
by such limitation. By holding a protectorate in this restricted 
field we throw out of consideration all the states to the south of 
this line of demarkation, at once causing jealousies among the 
larger and more important of the South American Republics, mak- 
ing them enemies of our defensive policy as selfish in its nature, 
and probably adding their moral support to our many antagonists 
in Europe. 

No, it were better in my opinion, to maintain the original juris- 
diction of the Monroe Doctrine, but to recognize the fact that 
many of the 20 South American Republics are no longer the weak- 
lings they were when the policy was formulated, unable to defend 
themselves, but are strong enough to share in the common defense 
of the continent. 

Leading statesmen of Brazil and other South American Repub- 
lics have declared that the Monroe Doctrine is discredited in the 
republics for whose benefit it was devised, not because they do 
not appreciate the good intentions of the United States, but they 
deny the right of this nation to appoint itself a guardian over 
t/heir welfare. A doctrine founded upon the principles of James 
Monroe, but giving the right of a protectorate to the powers in 
general and not to any country in particular, would be the ideal 
doctrine, in the belief of the people of Latin America. 

The Monroe Monument 

On the 15th day of November, 1894, the fifth year of the foun- 
dation of the Republic of Brazil, in the presence of the represent- 
atives of the principal American Republics, including the United 
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States, was laid in the city of Rio de Janeiro, the comer stone of 
a monument to American solidarity. Under this stone this official 
record lies: "The monument which will be erected on the spot in 
which this stone is laid, and which will symbolize the political 
union of the different nations of the continent of Columbus, will 
be surmounted by the figure of James Monroe, author of the cele- 
brated doctrine known by his name, which teaches that the nations 
of the new continent should unite for the purpose of preventing 
any undue interference of the nations of Europe in the internal 
affairs of America. Around the principal figure will be grouped 
the great national liberators of America — Washington, Jefferson, 
Juarez, Toussaint L'Ouverture, Bolivar, Jose Bonifacio and Ben- 
jamin Constant." 

I would give you this incident and picture to study in contrast 
to another view, depicting the scowling faces of many South Amer- 
icans, from whom we are just now seeking commercial advantages, 
who spurn the foreign policy of the United States as it now stands, 
shun its commercial policy and belittle its domestic policy. 

An Entente 

We cannot, however, with propriety, form an "alliance," for 
that word has been tabooed by an unwritten law of the land, but 
we can engage in an "entente," as foreigners will call it, with the 
Republics of South America that will give them a share in the 
responsibility of maintaining a policy which looks to the general 
good of all parties concerned. Let us form, then, not an alliance, 
but a concert of action after the principles of the Monroe Doctrine, 
which will show that all the states at interest hold the same opinion 
regarding this doctrine, and the moral effect of such an "entente" 
will be sufficient to stay the hand of any Euroi>ean nation which 
may seek political annexation of American territory. 

It has been well said that the Monroe Doctrine is as strong as 
the Navy of the United States and no stronger. It behooves the 
people of the United States, therefore, to avoid creating enemies 
who might be tempted in order to protect their own welfare, to 
form a combination against this country, and bring to bear a mari- 
time force several times as large as what we possess, and particu- 
larly so if we continue to limit the construction of vessels for the 
fleet, in accordance with the policy that has been recently in- 
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augurated. The fonnation of an "entente" such as I have out- 
lined would in no way lessen the importance of the upbuilding of 
the Navy, however, for whatever association is formed of the 21 
American Republics, the responsibilities of the United States will 
not be lessened thereby. 

I recall a statement made to me a few years ago by that grand 
American, the late Dr. Edward Everett Hale, in which he said 
that a Boston Society, to which he belonged, had pronounced the 
visit of Secretary of State EUhu Root to South America in 1906 
as the most important event of the twentieth century, up to that 
date, as it had brought the people of Norih and South America 
closer together than they 'had ever been before, 

Hon. John Barrett, Director General of the Pan-American 
Union, which Senator Root was largely instrumental in bringing 
into being, sends out a New Yearns Greeting to the American 
people in these words: "Let the United States take advantage 
of the opening of the Panama Canal, to signalize formally, as it 
were, the beginning of a new Pan-American era in which the Mon- 
roe Doctrine, which represents the dictum of one government in 
the family of nations, shall evolve into a greater Pan-American 
doctrine, which shall represent the mutual interests and protec- 
tion of all." 

I say amen to this. 

It is better to make friends than to build guns. 
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ABSTRACT OF MINUTES OF THE BOARD OF 

GOVERNORS. 

Regular Meeting op the Board op Directors, April 17, 1913. 

The meeting was called to order by President Taylor at 8:15 P. M., with Vice- 
Presidents Plack, Mebus and Swaab, Directors Develin, Gilpin, Vogleson, Berry, 
Haldeman, Furber, Gibson, Hibbs and the Secretary in attendance. 

The minutes of the Regular Meeting of March 13, were read and approved, and 
the minutes of the Special Meeting held March 17 were also read and approved. 

The Secretary's report was read, and the following action taken with reference 
thereto: The resignation of Mr. H. B. Bryans was accepted as of July 1, 1913, 
and his dues for the remainder of the year charged oflF; the resignation of Mr. 
Michael Monaghan was accepted as of December 31, 1912, and his dues for the 
year 1913 charged oflf; the resignation of Mr. Fred. G. Thorn, Jr., was accepted 
as of December 31, 1912, and his dues for the year 1913 charged off; and the 
resignation of Mr. Howard B. Green was accepted and his unpaid dues charged 
off. 

The Secretary was instructed to communicate with the American Society of 
Marine Draftsmen, Philadelphia Chapter, and advise them that the Board finds 
that it cannot extend the courtesies of their meetings to them, as it would con- 
flict with the By-Laws. 

The Treasurer's report was presented and approved. 

The Treasurer was instructed to send a statement of Mr. H. R. Wilkinson's 
delinquent account, amounting to $70.00, and advise him that if this amount 
were paid, his resignation would be accepted. 

The House Committee's report was read and approved. 

The Membership Committee's report was presented and Messrs. Eli T. Conner, 
Carleton E. Davis and John Mellor were elected to Active Membership, and 
Messrs. A. C. Fisler and Karl Nibecker were transferred from Junior to Active 
Membership. 

The report of the Meetings Committee was read and approved. 

The reports of the Publication- Advertising and Library Conmiittees were 
read and approved. 

The Library Committee was instructed to send a copy of the proposed list of 
books for the library to each member of the Board of Directors, asking them to 
advise the Committee as to additions or alterations to this list. 

The report of the Committee on Public Relations was read and approved. 

The Business Manager's report was read and approved. 

The proposed revision of the By-Laws as compiled by the Committee on Re- 
vision on By-Laws was presented to the Board and certain changes ordered to 
be made, and this revised copy ordered to bs pressatel at the Regular Meeting 
of the Club on Saturday, April 19th. 
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The Secretary was instructed to communicate with the Engineers' Club of 

oston relative to exchange of privileges. 

Mr. Mebus informed the Board that the amendment to the Charter had been 
panted by the Court of Common Pleas, No. 4, on March 31, 1913. 

Mr. Mebus was appointed a delegate to represent the Engineers' Club at the 
Annual Meeting of the Board of Trustees of State College on Tuesday, June 10, 
1913. 

Messrs. Plack and Furber were appointed a Committee to represent the Club 
in connection with the Fire Prevention investigation being held by the City. 

Messrs. Haldeman and Furber were appointed delegates to represent the 
Club at the Annual Conference on City Planning, and the Secretary was notified 
to communicate with Mr. George F. Swain, President of the American Society 
of Civil Engineers, to that effect. 

Regular Meeung of the Board of Directors Mat 17, 1913. 

The meeting was called to order at 8:05 P. M. with Vice President Mebus in 
the chair and Vice-Presidents Plack and Swaab, Directors Hess, Gilpin, Vogelson, 
Berry, Yamall, Gibson, Hibbs, Snook, and the Treasurer in attendance. The 
minutes of the meeting of April 17th were read and approved. 

The Treasurer reported a net gain to May 1st of $1,790.19 as compared with 
$136.32 of the previous year. 

The House Committee's report was presented and approved and appropria- 
tion of $29.83 was made to cover the deficit incurred by the Annual B,eception. 

The Membership Committee's report was presented and approved, and Messrs. 
F. Van Buren Council and Richard B. Ferris were elected to Junior membership 
and E. B. Callow was transferred from Junior to Associate membership. 

The Meetings Conmiittee announced that Professor Pence would be unable 
to deUver his lecture on Saturday evening, May 17th, and that they had secured 
Mr. J. S. Gibson for that date, and that Mr. D. Robert Yamall would present 
the final paper of the season. 

The Library's Committee's report was presented and approved. 

The Business Manager's report was presented and referred to the Finance 
Committee, with instructions that they consider it and report to the board. 

The PubUcity Committee was instructed to issue notices to the members of 
all meetings to be held at the Club House; and also to report to the Board of 
Directors relative to the publicity that the Club receives. 

The House Committee was asked to report and suggest the best ways and 
means of bringing to the attention of the membership, notices of meetings to be 
held at the Club House. 

The House Conmiittee and Business Manager were instructed to make a study 
for the purpose of increasing the patronage in the restaurant, and suggestion was 
made to this Conmiittee to prepare a scheme whereby a reduction be made for a 
certain number of meals consumed within a certain time. 

The following were appointed to compose the Committee on Nominations for 
the coming year: H. E. Ehlers, J. C. Wagner, F. H. Stier, Carl Hering, E. M. 
Nichols, Thomas C. McBride, and George T. Gwilliam. 
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ABSTRACT OF MINUTES OF THE CLUB 

Business Meetino, March 15, 1913. 

The meeting was called to order at 8:30 P. M. by President Taylor, with 117 
members and visitors in attendance. The minutes of the Regular Meeting of 
March 1, were approved as printed in abstract. 

The report of the Committee to prepare a memoriam on the death of John 
Fritz, Honorary Member, was presented by Mr J. Chester Wilson, and was 
unanimously adopted. 

The President annoimced the death on March 11, 1913, of Frank Burns, Active 
Member, elected to membership October 17, 1908; and that the Board of Direo- 
tore at its meeting on March 13, had instructed the Publication Conmiittee to 
prepare a memoriam on the death of Mr. Bums, to be incorporated in the Pro- 
ceedings. 

The Secretary reported the election of the following members at the meeting 
of the Board of Directors on March 13, 1913: Active— C. Burke Filbert, Edward 
C. Fish, William C. Greany, Donald B. Heilman, John H. Neeson, Joseph C. 
Rock; Associate — Frank B. Johnston, Jacob T. Swartz; Junior — Howard H. 
Denunert, William N. Edwards, Erie C. Herman, Charles C. Jones, Charles L. 
Downs, Carl A. Woerwag. 

Mr. Hermann V. Schreiber, of Sellers and Rippey, Consulting Engineers, pre- 
sented the paper of the evening, entitled, ' ' The Design and Construction of the 
Hydro-Electric Plant at Estacada, Oregon, *' which was discussed by Messrs. 
C. P. Birkinbine, Harrison Souder, G. L. Watters, Emile G. Perrot, L. W. Bir- 
kinbine, and others. 

A unanimous vote of thanks was extended Mr. Schreiber for his admirable 
paper. 

Regular Meeting, April 5, 1913. 

The meeting was called to order at 8:30 P. M. by Vice-President Mebus, with 
132 members and visitors in attendance. The minutes of the Regular Meeting 
of March 16, 1913, were approved as printed in abstract. 

The paper of the evening, entitled ' ' The Panama Canal as it Relates to the 
Treaties" was presented by Rear Admiral C. M. Chester, U. S. N., retired, and 
discussed by Messrs. Wm. Easby, Jr., Major Gillette, H. Goodwin, Jr., Thomas 
M. Chance, John C. Parker, W. Ballinger, O. C. Schmidt, John C. Trautwine, 
Jr., and P. A. Maignen. 

A vote of thanks was extended to Admiral Chester for the presentation of his 
paper. 
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Business Meeting, April 19, 1913. 

The meeting was called to order at 8:35 P. M. by President Taylor, with 107 
members and visitors in attendance. 

The minutes of the Regular Meeting of April 5, 1913, were approved as printed 
in abstract. 

It was announced that in accordance with the resolution of the Club passed 
February 22, 1913, amendments to the Charter had been granted. These amend- 
ments eliminate the inconsistencies in the old Charter. 

It was announced that in order that the past actions of the Club and the 
Board of Directors may be legalized, it will be necessary for the Club at the next 
meeting to formally ratify these actions. 

The proposed amendments to the By-Laws were introduced and laid over for 
discussion at the next meeting. 

The paper of the evening, entitled, "The High Pressure Fire Service," was 
presented by Mr. John E. Codman and discussed by Messrs. John C. Traut- 
wine, Jr., C. G. Darragh, H. G. Morris, E. M. Nichols, S. M. Swaab. Dr. H. 
M. Chance and Thomas M. Chance described a new type pump adaptable for 
high pressure service. 

Business Meeting, May 3, 1913. 

The meeting was called to order at 8:40 P. M. by President Taylor with 51 
members and visitors in attendance. 

The minutes of the Business Meeting of April 19, 1913, were amended to read 
as follows: 

'* Abstract of minutes of the Business Meeting of the Club held Saturday even- 
ing, April 19, 1913: 

**The meeting was called to order at 8:35 P. M. by President Taylor with 107 
members and visitors in attendance. 

"The minutes of the Regular Meeting of April 5, 1913, were approved as printed 
in abstract. 

" It was announced that in accordance with the resolution of the Club passed 
February 22, 1913, amendments to the Charter had been granted. These amend- 
ments eliminate the inconsistencies in the old Charter. 

"It wasannoimced that in order that the past actions of the Club and the Board 
of Directors may be legalised, it would be necessary for the Club at the next 
meeting to formally ratify these actions. 

" It was announced that at the Regular Meeting of the Board of Directors held 
April 17, 1913, the following were elected to Active Membership: Eli T. Conner, 
Carleton E. Davis and John Mellor. 

"The proposed amendments to the By-Laws were introduced and laid over for 
discussion at the meeting to be held on May 17, 1913. 

"The paper of the evening, entitled 'The High Pressure Fire Service,' was 
presented by Mr. John E. Codman and discussed by Messrs. John C. Trautwine, 
Jr., C. G. Darragh, H. G. Morris, E. M. Nichols, S. M. Swaab. Dr. H. M, 
Chance and Thomas M. Chance described a new type pump adaptable for high 
pressure service. 

"The meeting adjourned at 11:10 P. M. 
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The following motion was presented by Mr. S. M. Swaab and unanimously 
adopted: 

'^Resolved, that all past actions of the Club and of the Board of Directors be 
and the same are herewith ratified/' 

The paper of the evening, entitled, ' 'Some Aspects of the Subject of Transpor- 
tation, '' was presented by Lt. Col. J. E. Kuhn, U. S. A., Corps of Engineers. 

A unanimous vote of thanks was extended Col. Kuhn for the presentation of 
his valuable paper. 

Business Meeting, Mat 7, 1913. 

The meeting was called to order by Vice President Plack at 8:30 P. M., with 
63 members and visitors in attendance. 

The minutes of meeting held May 3, 1913, were approved as printed in abstract. 

The Secretary announced that the Board of Directors, at their meeting of 
May 15th, had elected to Junior Membership F. Van Buren Connell and Richard 
B. Ferris. 

The Committee on Nominations for the coming year, as elected by the Board 
of Directors, was announced, as follows: H. E. Ehlers, Chairman; Joseph C. 
Wagner, F. H. Stier, Carl Hering, E. M. Nichols, Thomas McBride and George 
T. GwiUiam. This list was laid over until the meeting of June 7th for alteration 
or acceptance by the Club. 

The amendments to the By-Laws were discussed, amended, and ordered sent 
to the members for ballot. 

The paper of the evening, entitled, "Suction Gas Producer Pumping Engine 
vs. Compound Condensing Corliss Crank and Fly Wheel Pumping Engine, Giv- 
ing Cost of Operation and Fixed Charges Based upon Five Years' Operating Ex- 
perience, " was presented by Mr. J. E. Gibson and discussed by Messrs. Ledoux, 
Femald, McBride, DaUett, Chance, A. C. Wood, Wm. T. Price and Gibson. 
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SOME INIEBESTING FACTS ABOUT PHILADELPHIA 

Population (census, 1910) 1,549,008. 
Area, 129 square miles. 
Lat. of City Hall Tower, 39** 57' 09.768'' 
Long. " " " 75^ 9' 47.92" 

Normal Mean Tempbratubbs 

Jan. Feb. March Ayr, May June July Aug, Sept. Oct. Nov. Dec. Annual 
32.4 33.1 40.5 51.5 62.6 71.6 76.4 74.4 68.1 56.7 45.0 25.4 54. 

Normal Maximttm Temperatubbs 
39.4 40.3 48.3 55.9 66.3 74.3 78.4 82.2 76.3 64.6 52.4 42.3 

Normal Minimxtm Temperatxtres 
25.7 25.9 32.9 39.5 49.5 58.1 63.0 66.5 60.4 49.0 38.5 29.1 

Normal Rainfall 
3.26 3.34 3.35 2.99 3.27 3.32 4.08 4.71 3.36 3.01 3.12 3.06 41.51 

Highest Temperatcreb on Record 

72 75 86 93 96 98 103 101 97 88 77 68 

i 
July €, 1901 

LowEsi Temperatures n Record 
—5—6 5 18 34 46 54 51 40 31 8 —5 

Miles of Streets 

Granolithic Block 352.99 

Asphalt (sheet) 472.35 

Asphalt (block) 7.49 

Vitrified brick 163.63 

Cobble 14.02 

Rubble 6.69 

Slag block 8.13 

Wood block 4.06 

Cement and Granolithic 11.03 

Bituminous macadam 29.01 

Waterboxmd macadam 261.31 

Total paved streets 1330.71 

Dirt roads 180.00 
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Miles op Sewers 

Branch sewera 891.16 

Main sewers 190.072 

Private sewers 167.096 

Total 1248.328 

Course of North Broad Street— N. 9** 3l' 23.70" E. 
Course of South Broad Street— S. 9** 30' 24.18" W. 
Course of East Market Street— S. 80** 47' 54.52" E. 
Course of West Market Street— N. 80** 48' 24.70" W. 
The following standards of measurement are used: 

Horizontal — 100 feet City standard equal 100.25 feet U. S. Standard. 

Vertical — ^U. S. standard is used. 

The City datum is 5.56' above mean tide Sandy Hook. 
Philadelphia owns or controls 5,129 acres of ground for park purposes, and has 
1,229 acres plotted on the City Plan, but not yet condemned for park purposes. 
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Paper No. 1128 
THE HIGH PRESSURE FIRE SERVICE 

By JOHN E. CODMAN 
Read April 19, 1913 

I wish to state at this time that the H. P. F. Service System 
as now constructed is not by any means a ''One Man Affair." 

As far back as 1895, at the suggestion of Mr. Frank M. Riter, 
Director of the Department of Public Safety, Mr. Thomas M. 
Thompson, Director of the Department of Public Works, requested 
Mr. John C. Trautwine, Jr., Chief of the Bureau of Water, to 
furnish an estimate of the cost of a 10-inch high-pressure pipe 
line, on Market Street, from the Delaware river to Broad Street, 
to be supplied by fire-boats lying in the Delaware river. 

In furnishing this estimate, Mr. Trautwine remarked upon the 
inadvisability of depending entirely upon the fire boats, which, 
when needed, might be in use elsewhere, and recommended the 
erection of a permanent pumping station, at or near the foot of 
Market Street. 

Mr. Trautwine's service in the employ of the city were termin- 
ated before any practical plans were formulated. 

That portion of the city between Race Street on the north, 
Walnut Street on the south, the Delaware river on the east and 
Broad Street on the west was known as the congested fire district. 

325 
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Within this area the water supply from the then existing city water 
main was seriously deficient, both in quantity and pressure, to 
even meet the ordinary daily demand made upon it by the varied 
requirements of the district. 

The insurance rates were high and a further advance was made 
by the addition of the "Pink Slip/' a charge of 25 cents per $100; 
a strong protest was made by the merchants and property owners 
against these conditions, and a vigorous demand was made for 
better fire protection. Early in 1900, Mr. William C. Haddock, 
then Director of Public Works under Mayor Ashbridge, instructed 
me to prepare preliminary plans and an approximate cost of an 
independent fire* protection system for this district^ to include 
station house, engines and pumps, fire mains, fire hydrants, stop 
valves and all other accessories. This report was to include data, 
stating the volume of water, size of mains, area to be covered by 
the system and a general idea of the proposed plan. Upon the 
submission of this report, Mayor Ashbridge obtained an appro- 
priation from Councils to begin the work. The sum obtained 
was not sufficient to build station house and put in the engines 
and pumps, and provide the independent fire mains. 

It was decided to lay the fire mains first and utilize the fire boats 
for pressure, about 180 to 200 pounds, by making a special Siamese 
connection to the mains at three different places on the Delaware 
River front. 

The size of the fire mains was the next step considered — to de- 
liver the proposed volume of 10,000 gallons of water per minute 
at Broad and Market Streets. With the location of the station 
on Delaware Avenue, it was computed that a 20 inch main of 
nominal diameter from the station on Delaware Avenue or Water 
Street, connecting with a 16 inch main on Market Street and a 
12 inch main on Walnut Street, 12 inch main on Arch Street, 12 
inch main on Race Street, all reaching to Broad Street, with 8 
inch branch connections on all north and south streets, would 
meet all requirements. 

The assumed pressure of 300 pounds per square inch on the 
mains at the station was computed to be sufficient to obtain a 
pressure of 100 pounds at the end of 50 feet of 23^-inch rubber 
lined hose, with a 1 H-ii^ch nozzle, at a height of 300 feet or from 
the top of any building then constructed in the city. This would 
allow for a loss of head of 70 pounds or about 162 feet at Broad 
Street. 
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It is readily understood that these computations are more or 
less approximate estimates, owing to the uncertain conditions to 
be met with in laying the pipes in the streets, but it seems to be a 
very satisfactory one from the fact that other cities have adopted 
the same maximum pressure. 

The question was then raised in regard to the material of which 
the distributing mains should be constructed. The proposed 
pressure of 300 pounds and the sudden variations of pressure re- 
quired a much heavier pipe than had ever before been used in any 
city water supply. 

Steel mains, wrought iron, cast iron, semi-steel, and even cop- 
per mains were suggested and considered. The adoption of cast 
iron with flange joints was finally made. The thickness of the 
main was computed for 300 pounds with a margin of safety of 
7 4- J4 inch and with 20,000 pounds tensile strength of cast iron. 
When the fire mains were laid in the street a connection was made 
on the west side of the City Hall to the 12-inch main from George's 
Hill, maintaining a constant pressure from that source of about 
80 pounds. A stop valve and check valve, which closed when the 
pressure was raised above the basin pressure, prevented the water 
getting back into the basin. (Removed after the filtration system 
was installed.) 

This arrangement of fire boat and basin pressure was in use 
while the plans for a permanent pumping station were being pre- 
pared. The power for driving the pumps was a subject of much 
study and investigation. 

A plan was made comprising four steam engines and pump of 
15 M. G. capacity each, which with the necessary boilers and smoke 
stacks required so much space that its location on the river front 
was almost prohibitory. Attention at this time was drawn to the 
gasoline or gas engines for power. Very little practical informa- 
tion was obtainable in 1900 about gas engines, and none of over 
two hundred H. P., and most of them less, were running in this 
country. In 1902 the Westinghouse Company put upon the market 
a 3-cylinder 4-Cycle 300 B. H. P. gas engine. I called Director 
Haddock's attention to this engine as a suitable motive power for 
the H. P. system. After an investigation of this engine he in- 
structed me to prepare plans and specifications for this gas engine 
and standard triplex, double acting inside packed single geared 
plunger-pump made by the Dean Steam Pump Company, Holyoke, 
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Massachusetts. All the pumping machinery was constructed to 
meet special specifications in which a considerable improvement 
over standard practice was contemplated. 

Bids for the installation of this plant were asked for and received 
from a number of parties, the contract being finally awarded to 
Messrs. M. R. Muckl6 & Company, and I have no hesitation in 
saying that to them and their persistent efforts in the face of many 
diflSculties, without a single precedent to refer to, they made a 
success of the Race Street station, the first real independent H. P. 
F. service pumping plant. All this may seem very simple now, 
it having passed into history, but at that time, thirteen years ago, 
many new problems were met and the success of the gas engine 
plant was confined to a few enthusiastic individuals. 

I will quote from the "Underwriters Test, April 18th, 1904": 
^'These tests were so successful that the "pink slip" was removed 
on the same day, with the following remarks by the Philadelphia 
Underwriters Committee: "We are free to say that after witness- 
ing several tests we believe it (the high pressure system) ought to 
And will be satisfactory. It will not only be more economical in 
its workings, but much more speedy in getting into operation than 
a steam plant, also much easier to control in this connection and 
therefore preferable." 

I also will read the following excerpt from one of our daily 
papers: 

"Pumping Station No. 2 is located at Seventh Street and Lehigh 
Avenue. This is the finest high pressure fire pumping station in 
the world, and embraces all the improvements which seven years' 
experience with the down-town system developed." ***** 
*' Philadelphia's high pressure system, and in particular the new 
pumping station No. 2, have received unqualified praise from 
visiting officials from other cities, and it was only a few weeks ago 
that Fire Commissioner Cole, of Boston, visited this plant and 
after a careful inspection pronounced it the most complete he has 
yet visited in his tour of investigation preliminary to the installa- 
tion of the new system in Boston." 

The success attending the operation of the Race Street system 
was followed by an inmiediate demand for an independent fire 
protection system in the northeast mill district. The location of 
this station was a matter of considerable investigation. It was 
£rst proposed to obtain a place on the Delaware river front, 
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but as in case of the Race Street station the sum demanded for a 
site was exorbitant, and the long distance to pump the water and 
the large size of the pumping main required to overcome the fric- 
tion had directed attention to the property owned by the city at 
Seventh Street and Lehigh Avenue, which was practically in the 
mill district and was finally accepted. 

Some objections were raised to this place that it would neces- 
sarily use filtered water, but when it was pointed out that all the 
water used now in the steam fire engines is filtered, it did not ap- 
pear so serious, especially as the cost to fill the five million gallon 
basin with filtered water would be only $20 more than to fill it 
with unfiltered water. 

In 1908, I was appointed by Director Henry Clay to the posi- 
tion of Consulting Engineer, and received instructions from him 
to prepare the plans and specifications for a new H. P. pumping 
station to be located at Seventh Street and Lehigh Avenue; the 
conditions being the construction of a power house, and the in- 
stallation of gas driven engines and power pumps, the water sup- 
ply for the pumps to be taken from the remaining section of what 
was once known as the Fairhill Reservoir. 

This work also included the distributing mains in the streets, 
the proper size of the mains, the area to be protected in the best 
practical method, the location of the fire hydrants, stop valves, 
crosses and tees for the future extension of the system, and the 
computation of quantities of pipe, fittings, valves and fire hydrants 
for bidders to make estimates upon which to make their bids. 

With the limited means afc my disposal, the plans and specifica- 
tions were prepared and submitted for approval about November 
Ist, 1908. At this time I suggested a change an the building con- 
struction which raised the engine room floor about eleven feet 
above the former level, thus avoiding the annoyance and incon- 
venience of making repairs to the pumps and suction mains while 
under pressure, and eliminating an exceedingly bad design of plac- 
ing the suction and force mains in a trench, as in the Race Street 
station. 

By the approval of this plan a basement was added to the build- 
ing in which the suction mains, discharge mains, gas mains and 
water pipes are all exposed to view, and readily accessible, besides 
removing the necessity of building a stop house and stable, and 
eliminating the use of several electrically operated valves, improv- 
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ing the outward appearance of the building, and adding very little, 
if any, to the cost of the building. As Director Clay wished for a 
more elaborate building than the plans contemplated, instructions 
were given to the City Architect to make the proposed changes in 
the drawings and specifications for the building at once and have 
them prepared to advertise for bids upon the work soon after the 
first of January, 1909. The plans for pipe, pipe fittings, pipe lay- 
ing, repairs to basin, and for the installation of engines and pumps 
were already completed. 

The work was divided into two contracts, Contract No. 1-A 
and 1-B, and Contract No. 2-A and 2-B. Contract No. 1-A and 
1-B comprised the buildings, gas engines and pumps, and all 
fixtures complete; Contract No. 2-A and 2-B comprised repairs to 
the reservoir banks, the pipe lines, pipe laying and all fittings 
complete. 

Contract No. 2-B specified two forms of pipe; one for flanged 
pipe and flanged fittings, and one for Universal pipe with Univer- 
sal joints and fittings, the Universal pipe joint being one in which 
the pipes are cast in six (6) foot lengths and connected by a male 
and female taper iron to iron joint drawn together by four and 
six bolts secured in a special form of flange. 

Bids for installing this work in the Fairhill District were adver- 
tised for January 16, 1909, and the contract for the building, 
engines and pumps; for repairs to the reservoir, and for laying the 
pipe mains in the street, using the Universal pipe joint, was award- 
ed to the Millard Construction Company, now Keystone State 
Construction Company, on February 18th. This company has 
performed all the work in the north-east mill district. The con- 
tractors received orders from the Director of the Department of 
Public Safety to begin work on the contract, April 2, 1909. 

Work on the reservoir repairs — fencing, sodding, grading the 
banks, and building the retaining walls on Seventh Street and 
south side of the reservoir — was practically completed in July, 
1909. 

Work of excavating for the pipe in the street was begun in July, 
1909, as soon as sufficient 20-inch pipe was received from the 
foundry to warrant proceeding with the work without being de- 
layed or stopped for non-delivery of pipe and specials. The Central 
Foundry Company, of Newark, New Jersey, furnished the 8-inch 
and 12-inch pipe and specials, and the same company at St. Helena, 
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Maryland, furnished the 16-ineh and 20-inch pipe and specials. 
Later the Wheeling Mold and Foundry Company contracted to 
furnish 16-inch and 20-inch specials. 

One inspector, employed by the Department of Public Safety, 
was detailed to remain constantly at each foundry, to inspect all 
pipe and fittings, and test each pipe casting to 800 pounds hydrau- 
lic pressure per square inch before shipment, and to certify to the 
correctness and compliance with the specification of each casting. 
Special instructions were given these inspectors on this work, 
and blanks were furnished them to make their reports in full and 
sign them as correct and in accordance with the specification and 
mail the report to the consulting engineer. 

A daily report was received from each inspector, and placed on 
record, showing the number of the casting, weight, and tensile 
strength of the iron from which it was cast. The numbers on the 
castings are also recorded by the field engineering corps, as well 
as the location of the piece in the trench. 

Steel crosses and tees were cast at the Baldt Steel Company, 
Wilmington, Delaware, and the machine work was done by the 
B. F. Shaw Company, of Chester. All these castings were number- 
ed, inspected and tested by an inspector detailed for this work. 

The stop valves and fire hydrants for the street pipe lines were 
made by the A. P. Smith Manufacturing Company, Newark, 
New Jersey, and were inspected and tested in the presence of a 
Department Inspector to 800 pounds hydraulic pressure before 
being shipped. 

All the work of laying the pipe in the street was under the direc- 
tion of duly appointed inspectors of concrete, bricklaying, pipe 
joints, condition of trench, excavation and computing quantities. 
. As the work advanced it soon became necessary to find room for 
the field engineering corps to make the computations required, and 
to properly record the same, and prepare the plans and data so 
obtained for permanent records. For this purpose the house. No. 
2250 North Howard Street, was rented from month to month as 
an oflSce, and is so used at this time. 

The first test of the Universal pipe of 20-inch diameter was 
made on August 31st, 1909, on Lehigh Avenue from Fifth to 
Seventh Street, a distance of 1,025 feet, with perfectly satisfactory- 
results. 
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On September 23rd, 2,360 feet were put under pressure. All 
this pipe was subjected to an hydraulic pressure of 410 to 420 
pounds per square inch in compliance with the specifications. 

Visits were made to the Central Foundry Company's works 
at Dundalk, Maryland, to witness the moulding, casting and 
finishing of the 20-inch pipe, also the method of applying the 
hydrostatic pressure of 800 pounds per square inch to the finished 
pipe; also to the Central Foundry Company's works at Newark, 
New Jersey, to inspect the method of casting pipe at that foundry, 
and on the same date to the works of the A. P. Smith Manufactur- 
ing Company, Newark, New Jersey, to witness the test of fire 
hydrants and 20-inch stop valves. 

Also, on October 26th, in company with Mr. S. Scofield, engineer 
for the firm of S. Schofield and Company, I visited the works of the 
Westinghouse Machine Company, at East Pittsburgh, Pennsyl- 
vania, and witnessed the test of two gas engines erected on the 
floor of the machine shop, and operated with natural gas against 
a Prony Brake attachment, the resistance varying from no load, 
one-quarter load, one-half load, full load, and over load, gas con- 
sumption per cubic foot, and B. T. U. required per brake horse 
power, all of which was satisfactory and in accordance with the 
specification. 

The combined capacity of the two stations is, approximately, 
2,910 cubic feet per minute, or about 33,000,000 gallons for twenty- 
four hours. For this purpose the Delaware Avenue and Race 
Street station is provided with seven Westinghouse gas engines, 
driving Dean triplex double acting piston pumps of a capacity of 
1,250 gallons per minute each, and two small engines and pumps 
of 350 gallons per minute. The water is taken through a 36-inch 
steel suction main from the Delaware river to the pumps and de- 
livered through one steel and cast iron water main into the distri- 
bution system. The area covered by this station extends from the 
Delaware river to Broad Street and from Race Street south to 
Walnut Street; on Front Street north using the New main to Girard 
Avenue, out both Girard Avenue and Richmond Street to Norris, 
Aramingo Avenue to York Street, Thompson Street to Lehigh 
Avenue. Of course hose can be run from the hydrants on Race 
Street or Walnut Street a considerable distance north or south 
of these streets and from Broad Street west. 
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The Fairhill High Pressure Fire Service Station, located at 
Seventh Street and Lehigh Avenue, on lot formerly occupied by 
the Fairhill Reservoir, is provided with 10 Westinghouse gas en- 
gines driving Dean triplex double acting piston pumps of a capaci- 
ty of 12,500 gallons per minute, and one small engine and pump 
of 350 gallons per minute making a total of 12,850 gallons, or 
approximately 18,000,000 gallons per 24 hours at a pressure of 
300 pounds per square inch. The water for supplying this station 
is taken from one of the small sections of the reservoir, remaining 
after the city had disposed of two of the original three (3). The 
water for supplying the basin, which has a capacity of nearly 
5,000,000 gallons, is taken from the water bureau main on Lehigh 
Avenue through a 14-inch pipe formerly used for conveying water 
out of the basin on the Seventh Street side. This supply is con- 
trolled by a motor-operated valve in a brick stop house and is 
connected to the switch board in the engine room to open or close 
it. This supply comes from the Queen Lane distribution. There 
is also a supply connection to the basin on the Sixth Street side 
from the Oak Lane Reservoir, both supplies being independent 
of one another. 

- In arrangmg this station all improvements that were suggested 
in the practical operation of the Delaware Avenue station were 
adopted. Some improvements are made on the gas engine that 
facilitate the operation in starting and in running. The water in 
the basin is ten or twelve feet above the surface of the ground on 
which the engine house is built. The plan adopted of constructing 
the engine room floor eleven feet above the ground and using the 
basement for the suction and delivery mains, gas mains and meters, 
jacket water supply, steam mains for heating and electrical conduits, 
proved to be of a very decided advantage. The arrangement for 
keeping the mains full and under pressure from the basin, avoiding 
the liability of pumping the water through a defective check valve 
back into the filtered water system, was made by connecting 
the discharge main with the suction main. All of these pipes 
are in duplicate, and are painted a different color, making it very 
simple to locate water mains, gas mains, injection water, and steam 
heating main. In the engine room, the engines are arranged five 
on each side and can be run together or separately. One side can 
be run independently of the other. All the water used in starting 
the engines is connected back with the suction mains, so no water 
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is wasted either in starting or in running. D.uplicate discharge 
mains are carried outside of the building and connected to the 
mains in the street. Compressed air is used in starting the engines 
from tanks carrying 200 pounds air pressure. Ignition current 
is brought in from the outside, and is used, the current being alter- 
nate, to drive an alternate current motor which drives a direct 
<;urrent generator from which the ignitiofl is taken to the engine 
from the switch board. The small engine drives a direct current 
generator. 

There is also a series of storage batteries which can furnish 
current for 36 hours or more, giving three sources of ignition cur- 
rent. Gas is brought in in two twelve inch mains on each side of 
the building. 

The alternate current motor also drives an air compressor and 
is capable of driving generator or compressor or both together. 
The small engine also drives an air compressor independent of the 
other one, giving two sources of air supply into tanks holding 
four times the necessary supply to start all the engines. 

The area proposed to be protected by this station is bounded 
by Girard Avenue on the south and Allegheny Avenue on the north 
and approximately from the Delaware river to Broad Street. 
The mains are of a nominal diameter of 20", 16", 12", and 8", 
the actual diameter being somewhat less. 

The contract for the engines, pumps, alternate and direct current 
motors and air tanks was so far advanced by July 25th, 1911, that 
the alternate current motors could be started and the air com- 
pressors were ready to fill the air tanks. The next day, July 26th, 
the first one of the engines and pumps was started and run 
successfully for several hours under a pressure of 300 pounds per 
square inch. 

This was accomplished by closing all the discharge valves and 
sending the water through the automatic relief valves which were 
Adjusted to a pressure of 300 pounds per square inch. This dis- 
<;harge water was forced into the suction mains through the pipe 
provided for this purpose; thus all the water used in testing the 
pumps was forced back into the reservoir to be used over again. 

This was an important part in the design of the station, as the 
water in the reservoir was supplied from the City mains, and could 
not be unnecessarily wasted. All of the eleven engines are con- 
nected in the same way. 
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On July 27th, three (3) more engines and pumps were started 
Aad run for several hours under the pressure of three hundred 
(300) pounds per square inch. 

On July 28th, six (6) more of the engines were started and run 
under the pressure of three hundred (300) pounds per square inch. 

It is a most remarkable fact that these engines and pumps, 
which had never been turned over before, should without any 
previous trials so easily and practically perform the full work 
required by the specifications in the first trial. All mechanics 
know very well how difficult it is to make any machinery work 
up to the full computed, load at the first trial, particularly when 
the load is as great as three hundred (300) pounds per square inch, 
equal to 43,200 pounds, or 213^ tons per square foot of pump 
surface. 

On September 15th, 1911, the twenty-four (24) hour test of 
one of the pumps was made to fulfill the conditions of the specifica- 
tions that the pumps should run without interruption under a 
pressure of three hundred (300) pounds per square inch contin- 
uously, and should not in that time develop any defects either in 
•capacity or structural weakness. This was satisfactorily com- 
pleted on the morning of the 16th, and the pump was stopped, 
opened, and an examination of the working parts made to ascer- 
tain if any defects had developed. Everything thing about the 
pumps and gas engines was found to be in perfect order, and no 
indication of any weakness shown. 

The method of operating the station is very simple. When an 
alarm is sounded on the gong in the engine room, indicating a fire 
in the H. P. fire system district, the engineer starts one engine 
And brings the pressure up on the main to 100 pounds, and waits 
for orders from the fire by 'phone. This may either be an order 
to stop, "not needed," or for more pressure, which is increased 
at once to 150, 200 or 250 pounds, as called for, and starting one 
or more engines as the volume may be required, always keeping 
the pressure constant, as orders over the telephone may be given 
from the fire. The station thus has nothing to do with the use 
of the water at the fire, the engineer following implicitly the or- 
ders of the chief of the Fire Bureau or his authorized assistant, 
i;hus avoiding any conflict of authority as to either volume or 
pressure. 
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At Seventh Street and Lehigh Avenue, I instructed the engineers 
not to raise the pressure over 250 pounds when pumping into the 
fire mains, as there is a static head between the lowest point in 
the system and the pump gauge of about 113 feet or nearly 50 
pounds per square inch. The relief valves were set to open at this 
pressure. At the lower or Race Street station instructions were 
given when the station was first put into service to carry 300 
pounds on the pump gauge; as this station is about 100 feet or 
more below the highest point in the system, and the relief valves 
were set to open at this pressure. 

At the Seventh Street and Lehigh Avenue station there are twa 
steel delivery mains from the engine room to the street main. In 
each of these mains there is a regulating valve, operated by a 
current motor controlled from the switch-board in the engine 
room, making it very easy to regulate the pressure on the whole 
system. The surplus water or relief from these valves is dis- 
charged into the suction mains connecting with the reservoir. No 
water is wasted from these valves. This arrangement of regulat- 
ing valves is not on the Race Street station, they being regulated 
by the motor-operated valves on each engine. 

There are at this time about 51 miles of H. P. fire mains from 
both pumping stations, composed of about 37 miles of Universal 
pipe and 14 miles of Flange pipe, varying in nominal diameter 
from 20", 16", 12" and 8". There are now about 880 fire hy- 
drants in use; all of these hydrants have 8" valves in the 8" con- 
nections to the supply mains; IJ^" air valves are placed at all 
summits; 20", 16" and 12" valves are placed in the mains when 
it is judged they would provide means for making a cut out quickly 
in case of a break. Provision was made in laying the main at 
every street intersection for future connections. 

It was decided when this Seventh Street station was built ta 
supply it with motor-driven hose- and ladder-trucks and an item 
for the purchase of the same was made in the appropriations of 
1910 and 1911, and as before mentioned the elevation of the engine 
room floor provided for a garage, and rooms for the chauffeur and 
hosemen, and provisions being made for gasoline tanks and pumps, 
water for washing motor trucks and also a motor truck for the 
line walkers and repair gang. 

The total cost of the systems, both Race Street and Seventh 
and Lehigh Avenue, including fire main, fire hydrants and stop 
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valves, is not far from two million seven hundred and fifty thousand 
dollars ($2,750,000). When we consider the amount of property 
saved and protected by it, this does seem to be a very profitable 
investment. Cost of running is very small. The bills for gas for 
the Race Street station have been from $1,500 to $2,200 per year, 
including all gas used at the station for lighting and other purposes. 

DISCUSSION. 

Mr. John C. Trautwine, Jr. — About ten years ago I contributed to the Club 
Proceedings a paper describing the Philadelphia high-pressure fire system, as 
then served from the fire boats in the Delaware river. In the same number of 
the Proceedings appeared a paper by Mr. Codman describing the first high- 
pressure fire pumping station, designed for the site at the foot of Race Street. 

Mr Codman 's present paper, describing the new station on Lehigh Avenue, 
with its pipe sjrstem, and the connection of the old and the new systems into 
what is conceded to be at least one of the largest and finest high-pressure fire 
systems in the world, happily brings the matter to date, and the Club is to be 
<K)ngrattdated upon the reading of such a paper, coming, as it does, from the man 
who designed and built the entire combined system, and who, therefore, from 
his intimate acquaintance with it in gross and in detail, is best qualified to des- 
<5ribe it. 

As the work was not begun until after I had left the Bureau of Water, I have 
only an academic acquaintance with its technical features; but we have with us 
this evening Mr. Charles G. Darrach, who has given these matters close pro- 
fessional attention, and who is therefore in position to discuss Mr. Codman 's 
paper from the standpoint of one having authority. 

Mr. Darrach. — I would like to ask if Mr. Codman will give us some litttle 
information about the difficulty of starting and the time required to get up his 
pressures, with the gas engine. Many of us have bad experience with the 
electric service, with which we can get up the pressure in a very few seconds 
or half a minute, but I have not had any experience whatever in connection with 
the gas engine, and I would like to know something about it. 

Mr. Codman. — ^The pumps are started with compressed air from the air tanks, 
with no pressure on the mains, and in 40 seconds can be raised to 300 pounds 
pressure on the pump; but of course not 300 pounds pressure on the main in the 
■street in that length of time, because there are places where there is air in the 
main, and there is always more or less resiliency in the main, so that at Seventh 
and Lehigh I suppose it would be five or six minutes before 100 pounds would 
be obtained in the street. 

Mr. Darrach. — Do you use automatic air valves? 

Mr. Codman. — No, we never found them satisfactory. We use an ordinary 
valve in a brick stop chaoiber Tne air valves ^ere placed on all summits. 

Mr. Darrach. — ^The mains are always full of water, are they not? 
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Mr. Codman. — ^Yes. The two suction mains lead through the building into 
the reservoir, with a full turn at the front of the building, making two double- 
suction mains in the building, with fchree stop valves, and above these the de- 
livery main is placed, going out the front of the building into the street. The- 
connection is made from the suction to the delivery mains, and the check valve 
is in this connection. The water from the reservior is always on the S3r8tem. When 
the pressure in the main rises, the check valve will close. The danger of a check 
valve not being always absolutely reliable has been spoken of several times, 
and if connected to the filtration system, it might send the water back throu^ 
that pipe into the filtration system, but with this arrangement it cannot get inta 
the filtration mains, and if. the valve should trip up, all connections are made 
so that the water goes back into the basin again. 

Mr. Darrach. — Is the distribution all below the reservoir elevation? 

Mr. Codman. — ^Yes. There is about 10 pounds pressure in Lehigh Avenue, 
and at Delaware Avenue and Front Street, which is the lowest part of the system,, 
there is about 50 poimds pressure from the basin that is on the mains all the time. 

Mr. E. M. Nichols. — Are all those valves mechanically operated? 

Mr. Codman. — They are operated by hand. 

Mr. Darrach. — In regard to air valves, a great many years ago we laid a 30 
inch main from what is now the main pumping station from Lardner's Point 
Reservoir, about foiur miles of pumping main, following the undulations of the 
streets, and I was discharged because I laid an imdulating piunping main, but 
we put ordinary hand-operated air valves on the smnmits. I think that main 
was laid in 1876, and we never had any trouble during ten years. I tried them 
ten years afterwards and did not find any air in them; we did not find any ac- 
cumulation there at all in ten years. Of course the great diflSculty is in repairing 
when you empty your main, then you get your air in and you have to get it out 
again, and, in fact, during the early history of the City, Germantown and Chest- 
nut Hill were without water one afternoon. They had to open the air valves 
across from Manayimk and the surveyor came in in a wagon (we did not have 
the valves then), and there was only six inches of water in the Mount Airy Reser- 
voir, and he said he had opened all the air valves, but upon investigation we 
found that he had not, and we succeeded in getting the water started; but there 
was a 20 inch main that was plugged entirely by the air in one smnmit. 

Mr. Henry G. Morris. — It is a good many years since I made the acquaintance- 
of Mr. Trautwine, but I do not know anything about this pumping situation, 
except what I have seen along the streets in laying the mains. 

I would like to ask Mr. Codman whether he knows anything about the fac- 
ing of the flanges on the main down Fourth Street. The ordinary practice in 
facing flanged pipe is to back face the bosses where the bolts go through. The- 
contraetor or whoever made the pipe had ingeniously put a double tool on the 
facing machine and faced the back of the flange at the same time that he faced 
the front side; the result was that the fillet was cut down to a sharp line, thus- 
weakening the flange, and some of these days the flanges so weakened will break. 
I hope Mr. Codman will not be there to see it. I do not know an^i^hing about 
the subject myself, except that it is contrary to established practice. 
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Mr. Conard. — I do not know of an3rthing that I can add of particular value 
to this discussion. The paper that has been given us tonight has been very in- 
teresting. My experience with high pressure fire service systems in other cities 
has been along the line of the inspection of the materials at the place of manu- 
facture, largely, though I have of course been interested to observe the various 
methods worked out. I believe the first high pressure line for fire service put 
in in this country was in the City of Cleveland, Ohio, and was made up of a 
short system of ordinary bell and spigot pipe of a heavier class than is used for 
ordinary pressures; simple connections were made along the water front for at* 
taching to fire boats. Mr. Nichols had something to do with that, and he can 
probably describe some of its features to you. They are now preparing to install 
a large piunping plant there and have a regular separate system all through the 
congested district in Cleveland, and operate along similar lines to the system in 
use here in Philadelphia. This system^ however, will be the same as they have 
used heretofore; heavy bell and spigot pipe, ordinary bells with a single lead 
groove and with the ordinary bead. At the present time they are just about 
starting on the installation of a high pressiu-e system in Boston, Mass., and it 
is my privilege to look after the special castings and the pipe for this work; they 
are all bell and spigot pipe with double lead grooves in the bell and double grooves 
at the spigot end. They have made very exhaustive tests there for the best forin 
of joint, and for the best material to make the joint of. They at first designed 
their special castings and some of their pipe with lugs, expecting to tie them 
together with bolts in order to take care of the thrusts. They, however, deter- 
mined that this was undesirable; it is a question as to how long the bolts will last 
and perform their function before they will rust out, so that in making the ex- 
periments they tried to hit on some plan of making a joint and. avoid the use of 
the lugs. They finally made some tests using various percentages of from two 
to six per cent, of tin, and by this it was found they could get very good results. 
The best results were on an average of about four per cent, of tin, but after a 
number of meltings of lead, the tin evaporated, and they lost the value of the tin, 
so they finally hit on using a small percentage of antimony — I think about 3.5 
per cent. — and I believe they are getting satisfactory results and have eliminated 
the lugs from special castings, and expect to make the entire system without 
aoy lu^ at all. 

That is about all I can say that would be at all descriptive of other high pres- 
sure systems, except possibly in regard to Newark, N. J., where they use bell 
and spigot pipe for their high pressiu-e system. Therefore, at the present time 
it seems to be a general practice to use bell and spigot pipe of cast iron, though 
Baltimore, we understand, has used steel pipe and steel casting; there is quite 
a big description of it in this week's "Engineering-Contracting." 

Mb. E. M. NicHoiis. — If it is a matter worthy of pride, I presume that I ought 
to feel proud of being represented as one of the engineers of the first installation 
of a high pressure fire system. In the cjty of Cleveland Ohio, where the first trial 
of special high pressure service was installed, the pipes ran from the river to the 
upper part of the town; the hydrants had no main valves; the nozzles for attach- 
ing the hose were, however, provided with independent valves; this was in 1892. 
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Later in the year, the City of Milwaukee started on practically the same plan 
and I had something to do with the equipping of those Unes, but ail that was very 
simple as compared to this. 

Mr. Darrach. — I would like to ask whether the lead packing in the joints blows 
out at all under those heavy pressures, or whether the tendency is for the lead 
to blow out of the joint? I rather think that is why the tendency had been to 
avoid the use of lead, and that was my thought when I made my early experi- 
ments in the matter. It is our experience that the lead will blow out, sometimes 
going out half an inch, and with an excessive pressure of 300 pounds, and the 
excessive pressures of the fire service, the tendency of water hanuner would be 
so great as to be liable to blow those joints out at any time. 

Mr. Conard. — ^The most extensive tests that have been made up to the pres- 
ent time with bell and spigot joints were made in San Francisco for the higji 
pressure fire service that is just about being completed there. They tried all 
sorts of joints and tested them, and the best form that was devised was, as I 
mentioned, the type that has been adopted by Boston. Boston has practically 
a duplicate of the joint used in San Francisco. In the tests that Boston made, 
the lead would not exactly flow, but would start to flow; the pressure at the back 
wbuld start plain lead flowing at, I think, about 125 pounds. With the four per 
cent, of tin added, there would be no perceptible flow up to 300 pounds. From 
300 to 400 pounds the lead would flow about 1-16" or project from the face 
of the bell about 1-16" and then remain staionary to 900 pounds, and at 900 
pounds the castings burst, so that there is no telling how much further they 
would go before the lead would actually blow out; but in tests made in San Fran- 
cisco to the breaking point, they got the pressure up to 2500 pounds, and at 
2500 pounds the joint had not parted, although there had been some flow of the 
lead; just how much, I do not know. 

Mr. Nichols. — ^The City Engineers of Milwaukee and Cleveland said their 
highest pressures did not exceed 275 pounds, but they had no trouble at that 
time with their joints. 

• 

Mr. Swaab. — ^The advantage that I can see in the Universal pipe that Mr. 
Codman spoke of is, that it does not matter what the nature of the ground is, 
because you are not depending upon the bolts. I recall a line that was laid into 
the subway when it was constructed; part of it lay on the roof and part of it in 
back-filled groimd, and it was hard to keep the pipe together, and it seems to me 
that this pipe could be laid in any old shape and would still hang together. 

Mr. Darrach. — Mr. Codman told me some time ago in a conversation I had 
with him that after the pipe had been drawn together, there was no strain upon 
the lugs or the bolts at all; that the pipes were held in position with the Uni- 
versal joints, so that you had an absolutely iron to iron joint. 

Of course the whole question comes in as to cost, but it seems to me that, even 
in the case of the flow, there is always a cause of imcertainty in regard to a 
fire department line. 
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THE SINKING AND LINING OF SHAFTS 
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Real! March I, 1913 

When mining was begun in America timber was clieap and 
plentiful, the deposits of virgin coal and ore were widely distributed 
and could be reached at no great depths, and the development of 
the rectangular timbered shaft was the natural result. Nowadays 
shafts are becoming deeper, mining installations more and more 



expensive and mining men are beginning to think they could pos- 
sibly get better results by a partial return to European methods, 
and by the use of permanent linings. European shafts are generally 
circular, about twenty feet in diameter, and where the rock is 
moderately dry they are lined with brick excluding the water that 
may occur in the fissures. As the shafts are sunk, and at intervals 
of about seventy-five feet, iron curb rings are placed as follows: 
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A cast iron ring made of sections bolted together with a groove 
or gutter on the inside (See Fig. 1) is placed in a notch cut in the 
rock. With this curb as a foundation the brick lining is built up 
to the ring above. As a rule the brickwork is built from a staging 
or platform suspended in the shaft in such a way that the sinking 
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Fig. 2. 

bucket can go up and down without interference. The lining is 
placed rapidly, as many as 3,000 bricks a day being laid by one 
man. The water that comes in through various seams in the rock 
is drained through passages in the curb ring to the gutter and con- 
ducted thence to a pipe in the shaft running down to the pump. 
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The interior of the shaft is thus made absolutely dry and none 
of the water can fall into the shaft and interfere with the operation 
of the cages. 

Where the rock is very wet the Europeans do not believe in 
pumping and keeping 3,000 or 4,000 horse power in boilers to run 
pumps, so they use a shaft lining made of cast iron plates — some- 
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times as much as 2J/^" thick — this is very heavy of course, but 
effective. There are two types of plates or "tubbing/' the German 
and the English. The sections of German tubbing (Fig. 2) are 
made with internal flanges and are connected by heavy bolts; 
the English tubbing sections have external flanges and are so con- 
structed as to lock together without bolts or gaskets (Fig. 3) and 
are made watertight by wedging. The English sink straight through 
the wet rock into an impervious stratum and then set a curb ring 
upon which the regular tubbing is built up. I am going to read an 
account by an Englishman giving a detailed description of the 
method of placing this tubbing and also illustrating the great 
difficulties sometimes encountered in England. 

"The shaft was sunk about 9 or 10 feet into the impermeable 
stratum, of the full diameter of say 23 feet, and then decreased 
abruptly to the finished size of the shaft, say 20 feet, and the sink- 
ing was continued a further distance of 6 or 8 feet. The cradle was 
then lowered into the pit-bottom, and a 'temporary wood water- 
ring was fixed on dowels about 9 or 10 feet above the site selected 
for the sides of the shaft was then collected in this temporary 
water-ring and allowed to run oflf in canvas hoggers or trunks at 
two or three different positions to the wind-bore of the pumps. 
As much as 6,000 gallons of water per minute was collected in this 
manner, above the place where the sinkers were employed prepar- 
ing the bed for the wedging curb, with the result that in all cases 
the beds were properly leveled and prepared for the curbs in the 
most favorable circumstances possible under such conditions. 

*'The cradle having been fixed in position, the sinkers proceed- 
ed to level the surface of the rock-bed with mattocks, and when 
this was accomplished to the satisfaction of the engineer, a wedging- 
curb, three segments of which were fitted with valves to pass gas 
or air accumlating behind the tubbing, was laid on the bare rock, 
seasoned redwood sheeting ^" thick was placed between all end 
joints, and the spaces between the back of the curb and the rock 
were filled with dry wood gluts to bring the inside of the curb up 
to the finished diameter of the shaft. Afterwards well-seasoned 
tapered dry-wood wedges were driven into the wood packing be- 
tween the back of the curb and the strata until the steel chisel- 
points refused to enter. Then a layer of ^" horizontal sheeting 
was placed on the top of the wedging-curb, and the 2-foot founda- 
tion-course of tubbing was put on, breaking joint with the curb. 
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5^" end and horizontal red-wood sheeting being placed between 
the joints, and the course was brought up to the correct radius 
of the shaft by means of wood packing. Next one or two courses 
of plain tubbing were put on, the fourth course usually containing 
three or more special segments (technically termed "valve seg- 
ments'*)? cast with holes 4 to 6" in diameter in the center, with 
the object of permitting the water to pass from the back to the 
front side of the tubbing, and so to the pumps, when the temporary 
wood water-ring was removed. 

"The next operation was to wedge lightly the vertical joints 
of the three or four courses of tubbing, and to run the whole up 
solid with good cement grout. The temporary water-ring was 
then removed, and additional courses of ordinary tubbing were 
built on, to a total height of about 60 feet. The joints were now 
lightly wedged, commencing from the top with the vertical joints, 
and from the bottom with the horizontal seams, using red-wood 
wedges. Additional courses of segments of suitable height being 
used to close up to the wedging-curb above, the vertical and hori- 
zontal seams were again twice wedged alternately as before, and 
the small center holes in each segment were plugged. Finally the 
large holes in the valve-segments passing the feeders were plugged 
simultaneously, with long tapered plugs of wood, the excess being 
sawn off flush with the front side of the orifice, the cast iron caps 
were bolted on to the flanges, and the shaft was rendered dry if 
the work had been well carried out.'' 

These two shafts were sunk by John Joseph Prest at Horden, 
through magnesian limestone, in Northeast Durham County. 

Six thousand gallons of water per minute were pumped out of 
one shaft. 

The reason I read all that was to show to what trouble and 
expense they go to in Europe to get a tight shaft. A 2}^" cast 
iron lining 20 feet in diameter is a very expensive proposition. 

As long as we are on this subject of wet shafts, I may say that 
I wrote Mr. Prest and asked him how he could get men to work 
in the shaft with 6,000 gallons of water coming in every minute. 
Somewhere in this article he says that the water as a rule was 3 
feet deep. He wrote back to me as follows: 

"I am in receipt of your letter dated 17th inst., and in reply 
thereto I beg to inform you that after a round of holes are fired, 
the material is loaded up from the pit bottom in the ordinary way, 
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and when exceptionally large stones are met, the sinkers dip down 
below the water and collar hold of them, ias you suggest. 

**It is not customary in this part of the world for sinkers to wear 
anything except rough flannel trousers and shirt, with a water- 
proof back-skin, when sinking, and in the case of our shafts the 
sinkers are wet through practically the whole of their shift except 
on the back. 

** Sumps are made under each set of pumps, and are kept as 
much as possible in advance of the pit bottom, and holes are drilled 
systematically round the whole of the shaft bottom to a depth of 
6 or 7 feet, as required, and are fired electrically from the surface. 

Under ordinary conditions, a new section of wet spear rod can 
be put on and bolted up in 3 hours; when any additional ground 
spears were required the time occupied was usually from 9 to 12 
hours. 

**The maximum boiler horsepower in use at any one time would 
not exceed 3,000.'' 

The water was handled by the old type Cornish pumps and 
the method has not been improved. 

In 1838, the Murton shafts were sunk and there they handled 
9,300 gallons of water from a depth of 450 feet where the imper- 
vious rock began. This is a greater quantity than we are able to 
handle in sinking in this country today with all modem appliances- 
It is generally known that the Europeans are away ahead of us 
when it comes to difficult mining propositions. 

The Kind Chandron process has been developed to bore a shaft 
15 feet in diameter from the top to a depth of 600 or 700 feet, to 
line it with cast iron tubbing and to seal it to an impervious stratum 
without a man going down into the shaft. The Europeans have 
also evolved a sinking drum system similar to our caisson method 
but on a more extensive scale. They sink a circular masonry cais- 
son for 50 or 60 feet, building into the upper part a cast steel reac- 
tion ring, then build up circular cast iron tubbing with an outside 
diameter slightly smaller than the inside diameter of the caisson. 
From the bottom to the under side of the reaction ring a heavy 
cutting edge is provided. Powerful hydraulic jacks are placed 
between the reaction ring and the top of the tubbing, and the whole 
thing is jacked down, rings being added and the material being 
removed with a grab bucket. In that way they have penetrated 
five or six hundred feet in quicksand without anybody going down 
into the shaft. In this country when we go down 150 feet without 
anybody going in the caisson, we think we have done a particularly 
remarkable piece of engineering. 
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Brick or cast iron will not wear out; they are safe against fire, 
and in a long lived mine are cheaper in the end than less permanent 
linings. On the other hand they call for a circular shaft, and in a 
shaft with several compartments rectangular construction is much 
more economical and includes less waste space than any other. 
In Europe the development has been largely due to the geological 
conditions. The Europeans have been forced toward their methods 
by the fact that the coal and the minerals are all deep down; they 
have had to go down through great depths of marl and limestone. 
Ninety per cent of the total footage of shafts in this country is in 
solid rock, and our problem is to meet the European requirements 
of safety, permanence and the exclusion of water without going 
to the great expense that they are put to in lining. 

In pursuance of this idea a number of mining companies in this 
country have sunk shafts and lined them with concrete. The 
United States Coke & Coal Company were the pioneers and they 
sunk two elliptical shafts in West Virginia about 200 feet deep and 
lined them with concrete. About three months after the mine 
started operation there was an explosion which wrecked the mine 
and killed eight or ten people, but the shafts were not injured in 
any way, and the operation of the cages was not stopped for an 
hour. They were able to go right ahead and proceed with their 
work of rescue and the rehabilitation of the mine itself. 

It is only lately that the European requirement for the exclusion 
of water has been met, and that has been done on the Catskill 
Aqueduct. The condition has been met by cement grouting. The 
T. A. Gillespie Company had a contract for the Rondout Siphon, 
which was a deep circular pressure tunnel under the Rondout 
Valley. The tunnel was about 5 miles long, and it was expected 
that they would meet considerable water. They did not, however, 
except in one shaft which was put down on a fault between lime- 
stone and conglomerate; great quantities of water were encountered 
here. This shaft was sub-let to a Pennsylvania contractor; he 
struck about 1,500 gallons of water per minute, put in all the 
pumps he could get and could not do anything with it. The shaft 
had reached a depth of 350 feet when it stuck. There had been a lot 
of water coming in on the side of the shaft, (Fig. 4) — a. rectangular 
^construction shaft by the way, lined with timber — ^and when the 
sinkers struck two or three more fissures in the bottom and got still 
more water it was the last straw and it broke the back of the pumps. 
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Mr. John P. Hogan, a Division Engineer of the Board of Water 
Supply, then suggested that cementation be tried, and it was tried 
there for the first time in this country. The shaft was full of water, 
so they put in a platform as low as they could, installed a diamond 
drill, and drilled six 90-foot holes in the bottom of the shaft. They 
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pumped them full of cement grout, forcing it through the diamond 
drill casings. Before they went much further they encountered 
another leak of about 750 gallons a minute; as they drilled the 
bottom the water poured in through the machine drill holes they 
were going to shoot. So they simply plugged up those holes, then 
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removed the plugs one at a time, drove in pipes connected to a 
grouting machine, pumped grout into the holes and cut the water 
oflf that way. 'By that means they were able to reduce the flow 
until they could put in a permanent pump station and handle the 
water. 

The next shaft on the aqueduct where water was encountered 
was Shaft No. 4, (which I had charge of) in New York City, 
Borough of the Bronx. We went ahead and made good time until 
we got to a depth of about 100 feet. We were then drilling into the 
bottom when we struck a stream of water of about 150 gallons a 
minute in the first hole we drilled. We plugged that with a hard 
wood plug and cut the water off, drilled another hole and got the 
same flow, and so on all around the shaft. We drilled 12 sump holes, 
all pointing in, and got water in all of them but two. We saw there 
was no use pumping them and we got ready for grouting. I would 
like to describe the method by which we got the water choked off- 

As soon as each hole cut the water bearing seam Ve plugged it,, 
as stated above, with a tapered wooden plug. After all the holes 
in the sump had been drilled and plugged in this way, we made 
the grout connections one at a time so as to restrict the flow of 
water into the shaft. Each connection is made with a piece of 2" 
or 23^" iron pipe about three feet long. This is threaded at one 
end and given a long taper at the other. The tapered portion is 
made rough on the outside by nicking it with a chisel. A heavy 
iron *' stop-cock*' is screwed to the pipe, the tapered end is wrapped 
in several thicknesses of burlap, the wooden plug is then removed 
from the drill hole and the tapered pipe driven in, the stop-cock 
being left open. This is the most exciting and wettest part of the 
job. After the pipe has been driven in hard the stop cock is closed. 

In this case we put connections in all the wet holes before grout- 
ing. The grouting machine or tank used on the Aqueduct was the 
Canniff machine (see Fig. 5) in which the grout is mixed by air. 
It is built like an air lock with a door on the top through which 
cement, sand and water are introduced, a 2" discharge opening 
in the bottom and air connections top and bottom. The discharge 
opening is connected to the grout hole by a heavy rubber hose. 
Another 2" stop-cock is placed at the outlet of the tank and a 2" x 
1" tee is placed between the hose and the cock attached to the pipe in 
the drill hole. Into the side opening of this tee a 1" stop-cock is. 
screwed. 
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The machine is taken to the bottom of the shaft, is connected 
to one of the holes and is also connected to the high pressure air 
supply. The 2" stop-cock on the machine ia closed and the other 
is opened. The door in the top is opened, a sack of cement, three 
or four buckets of water, and, if the cavity to be filled is large, a 



sack of fine sand are poured in, the air connection at the bottom 
is opened and the air allowed to bubble through and mix the grout. 
Then very quickly the door is closed, the lower air connection is 
closed, and the discharged connection and the upper air connection 
are opened and the air enters and drives the grout into the cavity. 
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A man stationed at the 1" stop-cock keeps opening into a crack; 
when air shows instead of grout he closes the 2'' stop-cock and the 
machine is rechai^ed. If the cavity is open the charge is pushed 
in in three or four seconds, and by working continuously over a 
thousand batches can be placed in twenty-four hours. 

la one hole on the Aqueduct we put in 4,000 sacks of cement 
before we got the fissure filled up. In Shaft No. 4 we put in about 
100 in the first fissure. A little further down in this shaft we en- 
countered a layer of sand. The rock is folded very much; the sand 
was formed by the crushing of the rock due to the folding, was 



pretty fine and was carried up out of the drill holes by the water. 
Grout will not permeate sand and we had to continue drilling holes 
and pumping in grout, boosting the pressure at the end from 100 
to 400 and 500 pounds to the square inch. We tamped that sand 
80 full of cement that when we sunk through it it was compacted 
like sandstone. We found big balls of grout when we cut through 
it, some as big as a man's fist and some as big as his head. 

The most interesting piece of grouting was done on the Hudson 
Siphon, which, as you know, is a deep siphon tunnel under the 
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Hudson River; 14 feet diameter inside the concrete lining, and at 
a depth of 1,100 feet below tidewater. There was practically no 
water in the rock and the shaft sinking was done by the City forces. 
When they got to the bottom they concluded it would be cheaper 
to turn the job over to a contractor, and this contract was let to 
The T. A. Gillespie Company. On the east side of the river the 
city had driven 200 feet of tunnel through perfectly dry rock when 
they broke into a stream of water which flowed 300 gallons a minute. 
They struck it at night, and the shift boss shot his holes and broke 
away all the rock that should have been there to fasten the grout 
connections to. When we got the job we saw the next thing to do 
was to build a concrete bulkhead. We boarded up the face and put 
in 8 feet of concrete across the full tunnel section (at this point a 
top heading 7 feet high and 14 feet wide) and then reinforced it 
with rails. The concrete was mixed 1:2:4. We let the concrete 
set for a week and then started grouting. Grout pii>es were put 
through the bulkhead, terminating in the fissures. At an elevation 
of 1,100 the hydrostatic pressure. is 500 pounds per square inch, 
and we had hard work to force in any grout against it. We had 
eventually to raise the pressure to about 1,000 pounds per square 
inch, and to do this we had to use a high pressure plunger pump 
and pump water in on top of the grout in the tank. We put in two 
carloads of cement into that hole, and after it was set up for a week 
we shot the bulkhead out and went ahead with the tunnel. 

The contractor for the lower end of the City Tunnel in New 
York has encountered a good many streams of water at depths 
up to 500 feet, and has grouted them successfully. 

Where we met the sand bed in Shaft 4 we were unable to get 
the water entirely shut off and we had to rely on the concrete lining 
- to get the shaft entirely dry. In good rock as in the Hudson Siphon 
a concrete lining is not needed in order to cut off most of the wateV 
because if you drill into the seams you can grout them off. On the 
other hand if the rock is very much fissured it is practically impos- 
sible to grout it. When this is the case it is necessary to design a 
concrete lining strong enough to withstand the total water pres- 
sure that can come against the outside. In the case of an elliptical 
shaft that lining has to be thicker on the sides than at the ends; 
you can figure the stresses on the concrete if you are a good mathe- 
matician. We have found that 1-2-4 concrete 18" thick in a 14- 
foot tunnel will stand 600 pounds to the square inch. Anything 
higher than that broke it. 
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If you met a little stream, just a few drops a minute, a pipe must 
be set in opposite that stream and the water led through the lining. 
After this concrete has set up two or three weeks and got good and 
hard you connect the grout machine to this pipe, drive a little 
grout in and stop the water. It is absolutely impossible to stop 
water coming through concrete when it is soft. You have to provide 
a drain until it sets. In one case we overlpoked a small spring and 
after we had concreted about 60 feet of shaft above it, we notice 
the forms bulging over an area of about 10 feet square. We found 
that the accumulated pressure from the little spring had pushed the 
lining out over this area and we had to cut it out and replace it. 

The question of a water-tight lining brings up the shape of the 
shaft. The shaft with the maximum area and the minimum lining^ 
is of course circular and this is by far the cheapest shaft to sink. 
That was brought out on the aqueduct. All the construction 
shafts at first were made rectangular and lined with timber while 
the waterway shafts were made circular. On the Rondout Siphon 
shafts we started out with the idea that the rectangular shafts 
would be easier than the circular, but it was the other way. When 
we started the first circular shaft we did not do much the first 
month. The last month we made 138 feet. The next siphon we 
moved to we had the same gang, and they knew how, and jumped 
the progress up to 170 feet in one month in shale. The same gang 
was then moved across the Hudson River to a granite shaft and 
we made 183 feet, which is the American record. 

The way it was done is this: — The drilling is all done on one 
shift. Enough drills are put into the shaft so that all the holes in 
the round can be drilled and the sump loaded and shot in eight 
hours. The other two shifts clean out the shaft and get it ready 
for the drilling shift the next morning. We drilled 33 holes to a 
round. 

The same method is used in South Africa on rectangular shafts, 
but in this country it has not been successful in rectangular shafts. 
I personally have tried it in four shafts and it would not work. 
However, in circular shafts we tried it and made it work. 

I mentioned the rectangular construction shafts being slower to 
sink than the circular. In South Africa they hold the world 's record 
for sinking and the shafts there are rectangular. In this coun- 
try most rectangular shafts are about 12' x 26' and about ten to 
twelve men are carried on a shift. There will be two or three drill 
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runners,, three helpers and about six muckers. In South Africa 
they use 35 to 40 men on a shift in a shaft of the same size. I was 
talking to a man from South Africa who had been engaged on some 
of this sort of work out there, and I asked him how he could get 
so many men in. He said they use Kaffir labor. These Kaffirs 
wear no clothing to speak of, and the temperature gets up to a 
great height with thirty or forty men all bunched together; they 
sweat and their greasy bodies just slide past each other without 
any trouble. He said that the smell down there is so strong that 
when a little bit of rock is dislodged, it just shoots right up out 
of the top of the shaft of its own accord. 

Wherever the entire area of a circular shaft can be used, as for 
ventilation, a circular shape is best. Where this is not practicable, 
as in a hoist shaft with several compartments, the best plan is to 
cut the ends off the ellipse adopted by the U. S. Coal & Coke Com- 
pany and make a compromise between an ellipse and a rectangular 
out of our circular arcs. In dry or moderately dry rock the concrete 
lining need not be over 15" to 18" thick, but in wet and seamy rock 
it must be thick enough to resist the hydrostatic pressure after the 
jshaft is lined. 

In New York City lately the contractors have been putting in 
as high as 25 to 30 feet of concrete in a day in a 14-foot circular 
shaft, and in six days, including getting started, putting the forms 
in and taking them out again, they will put in 100 to 120 feet. 

The cost of a concrete lining is greater than the cost of a timber 
lining by just about the cost of the cement. As a rule, concrete 
outside the cost of the cement can be put in for the price of the 
timber; you have to pay for your cement and you have a permanent 
lining. 

I do not know that I have shown just what the printed circular 
stated, but I think I have demonstrated the superiority of a particu- 
lar type of shaft. By a comparatively small expense and proper 
preparation, it is possible to make a water-tight shaft and a safe 
shaft with no delay; we do away with the expense and danger of 
handling big quantities of water from shafts while they are being 
sunk, and we do away with the heavy fixed expense of pumping 
after the mine is completed. 



354 Donaldson — The Sinking and Lining of Shafts 

DISCUSSION 

Mr. Eli T. Conner. — I have been greatly interested in what Mr, Donaldson- 
has told us, and particularly in the methods followed and the success he has 
met with in sealing off water. That is the greatest difficulty that we have all 
experienced. We have had to put down shafts in the coal region. 1 know of one 
particular instance where the scheme, and perhaps the ultimate success of the 0|> 
eration, has been entirely killed by an excess quantity of water. When I say 
"killed," I mean the cost of cutting through the water-bearing strata has bur- 
dened the enterprise with such a large amount of capitalization that I doubt 
whether it will ever work out. If the schemes we have just heard of had been used,, 
in that particular instance, perhaps $200,000 might have been saved, and a long 
life of pumping. This expense will be there as long as the operation is continued. 

Mr. Donaldson. — I believe I know the operation to which Mr. Connor re- 
fers. If so, I was on the job when they were sinking it. The shafts were only 
300 feet deep and we had 750 H. P. in boilers that were working to about 200 
per cent overload. We could not haul in enough coal to keep them going. The 
proposition was just open and shut for grouting. The contractors could have 
saved $50,000 on that job if they had known enough to ship in three or four car- 
loads of cement. The seams were open and it was a hard sandstone rock with 
very well defined seams. When we drilled into them we got water spouting out 
from maybe eight or ten different holes. It was ideal for sticking on a grout 
machine, but we did not know it then. There was a water fall coming out of 
one comer of the hoist shaft — a man could get in behind it— and that seam would 
have taken probably two or three carloads of cement, which at that time was 
costing perhaps $1.50 per barrel. It would have cost perhaps $1,000 to caulk 
that seam, while it actually cost us about $40,000 to pump it, and the last I 
heard of the Mining Company they were financially embarrassed. 

Mr. Swaab. — Have you succeeded in shutting the water off by the concrete 
system after you have gone by a spring? 

Mr Donaldson. — ^Yes, but after you have gone by you have to line it. On 
the Aqueduct the shafts have to be absolutely watertight and the engineers will 
not permit a leakage of more than three, four or five gallons per minute. Al- 
though we did not have any large quantities of water to handle — ^perhaps 150 
gaUons — that has been entirely shut off in our Yonkers tunnel, and you can go 
down into the shaft in a dress suit if you want to. I have seen places in tun- 
nels where we had an area of perhaps 40 feet in length covered with tin and sheet 
iron; where water was coming in in every pore, and the only way to stop it was 
to cover the whole patch with iron, lead off the water through three or four 
pipes, bring it through the lining, and after the lining was set up, to push grout 
m through the pipes. The lining had to be strong enough to resist the hydros- 
tatic head of the water and the grout pressure. We have succeeded in cutting 
water off in that way in the Hudson Siphon. 

Mr. Conner. — Where you went through sand, was that in the nature- 
of quicksand? 
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Mr. Donaldson. — I have never met such a thing under rock. I believe that 
in Europe under this magnesitui Umestone they have quicksand, but we do not 
have any in this country. This pocket that 1 spoke of was where the rock had 
folded and had crushed itself. The fold is shown on Fig. 6. The grout wil' 
not permeate the sand, and we drilled a great many holes. We forced grout in 
with a booster under 500 or 600 pounds pressure. That would make a series 
of grout balls, and when we got through we had that sand seam packed full of 
these balls of grout. We did not get it entirely tight at that. Before we started 
in we would open up three or four holes at once and get nearly 600 gallons of 
water per minute and then plug them quick before the shaft was flooded. When 
we got through grouting we simply simk through the sand, cut into the solid 
rock below, started what the Englishmen call the wedging curb, put corrugated 
iron clear around the wet section, inserted drain pipes, placed the Uning and 
left it finally as dry as this ceiling. 

Mr. Conner. — From that experience would you think that the system might 
be applied to quicksand such as is encountered in the Wyoming Valley? 

Mr. Donaldson. — No, sir; it would not fit. If you had your quicksand in 
between two layers of rock as we had, where it could not get out, it might fit; 
but where it is a case of overburden, I do not know how you could grout that» 

Dr. Chance. — Just how long has this system of grouting rock fissures been 
introduced? 

Mr. Donaldson. — As far as my experience goes, it was introduced four years 
ago. 

Dr. Chance. — I mean abroad. 

Mr. Donaldson. — The first account I could find is about eight years ago, 
and in that case they struck water in large quantities; they put in an elaborate 
system of pipes and did not get the water cut off at that. 

Dr. Chance. — They were attempting to grout the fissures? 

Mr. Donaldson. — Yes, only they tried to take it from up above, as we did 
at first, instead of from the bottom. 1 have a great respect for the European 
engineers, and I do not know why they did that. 

Dr. Chance. — The speaker has been entirely inconsistent. He told us in 
first place that European engineers were far ahead of American engineers, and 
now he tells us that he has succeeded where the European engineers failed. 

Mr. Donaldson. — I will have to modify my remarks. In soft ground work 
they have us beaten. 

Dr. Chance. — That is because of the geological conditions, which are dif- 
ferent abroad from those in this country. In certain places we have similar 
conditions, but we have so much coal and other minerals within easy reach 
of the surface that we do not have to go to difiScult locations, as for instance 
below the sea, as they do abroad. 

But it seems to me that Mr. Donaldson has given us a paper of very great 
value. I do not know that anything like this has ever been published; if it has, 
I have not read it. It seems to me that it is not only interesting, but is valu- 
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' able to the engineering profession, and it is quite an achievement to grout rock 
crevices and lute them just as natiu'e has luted most of our fissures of clay. The 
underground is generally dry after you get below the siuface water, and that 
is due to the fact that nature has closed most of the crevices of the rock with 
sediment and calcareous deposits. This process of Mr. Donaldson's is a process 
not entirely dissimilar to that of nature, an artificial closing of the fissures so 
that they become impervious. 

Mr. Donaldson has undertaken a hard task if he tries to persuade American 

'engineers that a circular shaft is better than a rectangular shaft. From the 
point of view of first cost, he is undoubtedly right. But many other conditions 
must be considered by the engineer apart from the question of first cost. If a 
shaft requires lining, and if he decided to line it with concrete rather than with 
timber (for the purpose of eliminating fire risk, etc.) to remove the dangers which 
follow from explosion and the consequent destruction of mine timber, all right; 
then the idea that a circular or elliptical form is going to be cheaper is erroneous, 
because, depending upon the size of the cages used, in lining a rectangular shaft 
where the rock is fairly well able to sustain itself, the grout Hnin^ would have to 
be very heavy and sufficiently strong to withstand very heavy pressure. In 
such a .shaft concrete partition can be used to divide the shaft into compart- 
ments. These will act as walls and support the lateral faces in a large shaft. 
A shaft having four or six compartments is a relatively long opening, and if the 
rock is badly fissured or requires timbering, with the square system of timber- 
ing there is no difficulty in supporting the side walls. K you attempt to support 
them with concrete, an eUiptical form is best, provided you are not going to cross- 
brace. The rectangular system lends itself well to cross bracing, so it is doubt- 
ful if American engineers will come to use circular or elliptical shafts. 

Mr. Donaldson. — The circular shafts certainly seem to be the correct con- 
struction where you have only one compartment in the shaft and where it is 
designed for carrying air. For long shafts I agree with the gentleman who has 
just spoken. For a 2-compartment or a 3-compartment shaft, the compromise 
section I sketched is cheaper than cross-bracing. Where you have a 4- or 5- 
compartment shaft, it is a difficult question to make an ellipse out of that, be- 
cause you would have to take in the whole surrounding country. I think it 
would be cheaper to put in an iron and concrete lining and cross-brace it in the 
middle, and sort of arch the ends. It is a good deal cheaper lining if you can get 
one continuous stretch of forms around the outside. 

Mr. S. M. Swaab. — On the aqueduct, were those shafts driven on the cen- 
ter line? 

Mr. Donaldson. — The circular shafts were driven on the center line. 

Mr. Swaab. — Is it not considered good practice to drive the shaft ofif the 
center line? 

Mr. Donaldson. — Where there are rectangular shafts the two compart- 
ments were not quite above the center line of the tunnel. They moved it enough 
to get the center line away from the buntons. 
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Mr. Swaab. — It seems to me that if Mr. Donaldson finds he has sufficient 
time — he has done some work in this country which I beheve was not done before — 
we would like him to tell us about it. Of course, it is the same process as was 
used in Europe in driving the Alpine tunnels, but Mr. Donaldson has driven 
tunnels by that bottom heading method in New York, and I would like to ask 
him if he would not say something about that, and the tjTjical way of working. 
I have been in bottom head tunnels and could not see a whole lot of advantage 
in that method. 

Mr. Donaldson. — I agree with Mr. Swaab; I don't either, and I would not 
do it again. 

On one section of the aqueduct it was figured they would drive the heading 
clear through first, working the maximum economy, as cheaply as they could, 
and then take the bench out. I believe where you have good hard rock it is 
cheaper to drive the bottom heading and slope the roof down. I know that we' 
abandoned the method that Mr. Swaab referred to — that is shooting the roof 
down on timbers at the same time we were driving the heading — we went ahead 
with the bottom heading to the end of the tunnel and then shot the roof down 
on the floor and mucked it by hand. While we were taking the roof down, Rine- 
hart & Dennis, having driven the top heading, were removing their bench. We 
doubled their progress, taking out Uvice the material. In other words, the stop- 
ping method was about fifty per' cent, better than the bench method for enlarg- 
ing the section, but where the two things are going on simultaneously, the method 
of shooting the arch down on timber is not intended for the American tunnel 
man. 

Mr. E. E. Krauss. — Mr. Donaldson referred to the use of concrete for lining of 
tunnels against high water pressures. It would be interesting to know what 
proportions were used for the concrete and as to whether special measures were 
taken to obtain a concrete of maximum density, as 1 understand no water- 
proofing material is used in tunnel lining work of the character described. 

Mr. Donaldson. — No, nothing was used. 

Mr. Krauss. — With 1 — 2 — 4 mixing? 

A. — 1 — 2 — 4. But we used 1 — IJ^ — 3 in the Hudson Siphon. 

Mr. Swaab. — Did you use any lime in the cement ground at all? 

Mr. Donaldson. — No, but in the Pennsylvania River Tunnel 1 understand 
they used considerable English hme. 

Mr. Swaab. — Of course, that was just for filling up the spaces around the 
shield. 

Mr. W. C. Furber. — I would like to ask Mr. Donaldson if he will describe 
in a little more detail the instance he cited where they faced the fissures in the 
rock, the preparation of the sleeve or concrete lining; just how was that done? 

Mr. Donaldson. — Just before the Hudson Siphon was turned over t» the 
contractor, the City forces drilled into quite a stream of water in the heading. 
Instead of attempting to grout off the water, they shot the cut and got a strong 
flow from the cavitv. When we took the work this stream was flowing, and we 
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had to build a strong bulkhead so that grouting would be possible. We stuck 
a pipe into the fissiu'e at the bottom of the cut and drained the water throu^ 
it, then built a bulkhead of concrete 8 feet thick across the entire face of the 
heading. The bulkhead was heavily reinforced by rails set into holes drilled 
in the ribs. We provided additional grout pipes through the bulkhead after 
the concrete had set for a week, grouted all pipes at pressures up to 1,000 pounds 
per square inch, completely cutting off the water. When driving was resumed 
no water was encountered. 

Mr. Furber. — That grouting was sufficient to fill up the fissures, was it? 

Mr. Donaldson. — Yes, we put in about three carloads of cement. 
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The extremely heavy precipitation on the nearby mountains 
and snow peaks, combined with the high fuel costs along the north- 
ern portion of the Pacific Coast, give us conditions very favorable 
for development of large hydro-electric transmission projects. 
Several of such projects center about Seattle and Portland, and 
other systems are being developed around the smaller cities. 

At Portland the Columbia river, which is the largest stream 
in the northwestern section of the United States, breaks through 
the Cascade mountains and flows westward to the Pacific past 
Portland, where it is joined by the Willamette river flowing from 
the south. Both these streams and some of their branches are 
navigable and also provide considerable power. Flowing from the 
east into the Willamette river south of Portland is the Clackamas 
river, which finds its sources among the peaks of the Casca 
Range south of Mount Hood. This river, being fed from several 
snow covered peaks and forest reserves, has a comparatively 
steady flow, and because of its rapid fall and high banks offers 
numerous attractive power sites. 

The Portland Railway, Light & Power Company, controlling 
the electrical market in and aroujid Portland, having already 
acquired a development on the Clackamas river about 40 miles 
southeast of Portland with an interurban railway connection 
partially paralleling the streams, naturally investigated the fur- 
ther possibilities for development on this stream as soon as their 
increasing load conditions indicated that they would require more 
power than their existing plants could produce. 
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Messrs. Sellers & Rippey, Consulting Engineers, having been 
requested by this company to study the situation, made a careful 
investigation of the stream flow conditions, and it was found first 
that the annual rainfall was extremely high, but there was a dry 
season during the summer when no precipitation whatever occured 
over most of the drainage basin. From the few years' records 
available, however, it was found that the stream flow during this 
dry season was ver>' well maintained, apparently from the melting 
snows of the mountain peaks, and while one or two large floods 
were recorded they did not appear to be excessive in view of the 
extremely heavy precipitation. After considering these conditions 
it was determined therefore that while a seasonal storage would 
be advantageous the flow coincided sufficiently well with the ordi- 
nary electrical load conditions that additional power develop- 
ments could be justified at once. 

The peculiar rock formation due to the geologic history of this 
country was next given consideration. Several extinct volcanic 
peaks are included in this portion of the Cascade Range and the 
<iischarge from these peaks has covered the country with various 
forms of volcanic lava and debris which is of such a porous and 
uncertain nature that it introduces serious obstacles to satisfac- 
tory hydro-electric development. Taking up the matter with Mr. 
J. S. Diller, of th(» United States Geological Survey, who made a 
special report on i\is river, we secured the following information: 

"The volcanic breccia (bed rock) is made up of unassorted 
-angular fragments of lava andesite and basalt of various colors, 
ranging in size from dust particles and grains of sand to large rock 
fragments many feet in diameter. This fragment material was 
blown by explosive eruption from the volcanic crater higher up- 
on the range and fell upon the mountain slopes where it became 
so saturated with water from the copious rains accompanying the 
eruptions that it flowed in great steaming sheets from the Cas- 
cade Range to the gentle slope of the plains, in much the same way 
Bs similar material flowed down the old stream channels on the 
western slope of the Sierra Nevada in California, and covered the 
early and often rich deposits of auriferous gravels. 

'* Sheets of solid nonfragmental lava forming part of the bed 
rock and outcropping on the slopes of the canyon* occur within 
and between the great sheets of volcanic braccia. Some of the 
lava sheets are basalt, others are andesite and they are usually 
less than 30 feet in thickness. The basalts are generally very 
porous and gray or dark. The andesites are often reddish and 
porphyritic with white crystals of feldspar." 
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Speaking of the cracks in the lava, Mr. Diller called our particu- 
lar attention to those which cut up through the volcanic breccia 
and sheets of lava about vertical in a direction approximately 
parallel to the course of the canyon. Such joints, he stated, may 
be of considerable extent and form important openings for the 
circulation of water. 

This report together with our own examinations indicated that 
any extensive hydro-electric development should be provided with 
a substantial cut off at the base of the dam, and because of this 
feature together with the variable bearing values, some form of 
hollow dam would probably meet the general requirements better 
than the standard form o^ solid dam. 

Examining the various sites available along the river above 
and below the existing plant, we found one site about two miles up- 
stream at which the superficial conditions appeared to be good 
enough to justify further sub-surface investigations. We then 
immediately started several core drills at work drilling holes, 
some as deep as 250 feet, over the entire space which was available 
for location of a dam. While this work was proceeding the growth 
of the power market indicated that a smaller plant, possible of 
quicker construction, would have to be provided before the plant 
proposed for this site could be built, and it was therefore suggested 
that additional investigations should be made elsewhere along the 
stream to determine whether any other site might be available for 
immediate development. 

After a review of the conditions downstream a site was then 
selected near Estacada, about 5 miles below the existing plant, 
where propects for quick and economic development seemed to be 
quite favorable. Core drillings at this point, covering four possi- 
ble locations, indicated that one of them, containing an island 
which would be included in the construction, might considerably 
reduce the amount of material required and at the same time make 
the construction much more convenient by facilitating the diver- 
sion of the stream during the rainy season. After the preliminary 
core drilling had been completed this site was decided upon for 
immediate construction and the particular type of hollow dam best 
adapted to the consideration. 

Our previous experience in this direction, together with numerous 
studies of comparative costs and other inherent advantages in 
various types of hollow dams prompted the selection of the Am- 
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bursen type because of the availability of an experienced construc- 
tion organization which could be started at once on the work and 
push it to completion without delay. 

While this dam is a patented device we have always found the 
designers glad to cooperate in thorough analysis of the factors 
entering into the design in each case, and we have found this to 
be good policy because of the advantage to our clients in thus 
securing a more thoroughly worked out and carefully considered 
design. The dam consists of a series of buttresses running par- 
allel to the thread of the stream and covered on the upstream 
and downstream sides with a reinforced concrete deck which is 
carefully embedded in the foundation material on the upstream 
side and curved so as to throw off the water on the downstream side. 
The upstream portion, known as the deck, is inclined 45° with the 
vertical, having a thickness varying from 20" to 48" on a spacing 
between buttresses of 14 and 18 feet. The apron or downstream 
portion of this cover makes an angle of 30° with the vertical and 
has a thickness averaging about 18" The deck and apron are both 
reinforced by horizontal corrugated rods and additional rods placed 
vertically as an extra precaution against weakness in joints and 
temperature strains. 

The buttresses in the rollway section are spaced 18 feet on 
centers, and in the power house or intake section 14 feet on centers, 
the thickness varying from 15" to 38" with special spread at the 
base in proportion to the load imposed. These buttresses being 
built in horizontal lifts of 12 feet, are reinforced at the bottom of 
each lift and at the top of each lift as a precaution against tempera- 
ture strains and low bearing value of foundations. The upstream 
ends of the buttresses are provided with haunches, which give 18" 
seats for deck slabs and provide a tongue between the haunches 
on each side, so that the deck slab is not continuous through the 
crest. The apron slabs are laid directly across the buttresses and 
are continuous. 

This general description covers the usual hollow dam of this 
particular type, and as constructed at Estacada there were added a 
series of sluice gates together with the usual closing device in the 
left or main river channel and on each end of the construction 
there was provided a suitable reinforced concrete abutment. 
Across the top of the island, which subsequently was discovered 
to be of comparatively little value, the construction was continued 
and so extended as to protect the island from erosion. 



364 Schreiber — Hydro-Electric Plant at Eslacada, Oregon 



Schreiber — Hydro- Electric Plant at Estacada, Oregon 365 

To the right of the spillway section, which had a maximum 
height of about 86 feet, the bulkhead section extended to a greater 
height of 15 feet and included on the left side of the island an 
intake section for five 11 feet penstocks. Immediately adjoining 
the intake section there was included a fishway tank and ladder 
of reinforced concrete which was built on the side of the island 
from the tailrace. 

At the intake section an old gorge, apparently forming a prehis- 
toric river bed, was uncovered extending about 30 feet below the 
ordinary river bottom, and it was necesaary to practically fill this 
with concrete to form a foundation for the dam and power house. 
The power house immediately adjoined the dam on the downstream 
side and contained five 6,000 H. P. turbines and 3,300 K. W. 
Generators with step-up transformers and high tension equipment 
located inside the bulkhead portion of the dam. 

Access is provided by means of a railway connection extending 
out over the bulkhead portion of the dam into an enlarged portion 
of the gate house, where a crane is provided for unloading the cars 
and lowering materials to the power house floor level. From this 
point a small truck is provided to transfer these materials into the 
power house, where they are accessible by the power house crane. 

The tailrace extends from the power house to the river channel, 
being specially excavated around the island to a point where there 
is the least possible interference from the spillway discharge. To 
provide adequate rack area the deck of the dam was set back and 
steel framing erected from the point of offset to the w^ater surface. 
In this way space is provided back of the racks for easy access of the 
water to the intakes, and the head gates could be installed without 
unduly interfering with this access. 

The penstocks are supported by frequent struts extending from 
the buttresses on each side, and, being 11 feet in diameter, leave 
little clear space between the buttresses, which are spaced 14 feet 
on centers. The intakes for these buttresses are supported by an 
extra thickness of deck, with additional reinforcement in the deck 
and buttress to withstand vibration during operation. 

Because of the extreme flood conditions the power house found- 
ations are of solid concrete with flood protection for a height of 
14 feet above the floor level. The penstocks enter the turbines 
beneath the floor level through a large cast iron Y pipe, and the 
twin volute cast iron casings on the turbines discharge into a 
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-central cast iron draft tube which passes out through the founda- 
tions into the tailrace. 

The generators are provided with ample ventilation and have 
a direct connected exciter on the outboard end of each shaft. To 
each generator there is direct connected a 3 phase 60 cycle 33,000 
volt delta and 57,000 volt Y transformer located in the alternate 
spaces between the penstocks. The buttresses immediately above 
them are provided with necessary busbar compartments for high 
and low tension busbars, oil switches, lightning arresters, etc., pro- 
viding connection to the transmission lines to Portland. 

In the design of the dam the following materials and stresses 
were specified: 

Concrete — Deck and Apron 1:2:4 
Buttresses 1 :3 :6 

Reinforcing steel — Johnson corrugated square bars 50,000 pounds 

elastic limit and 80,000 to 100,000 pounds 
ultimate strength. 
Stresses — Modulus of elasticity of concrete 1,500,000. 

steel 30,000,000. 
Compressive stress in concrete 500 lbs. per sq.in. 
Shear in concrete 75 " " '* 

Tension in concrete 

Tension in reinforcing steel 15,000 
Base pressures 100 
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Before beginning actual construction it was, of course, necessary 
to determine definitely the proper method of reducing, as far as 
possible, the seepage through the porous foundation material. 
In this consideration we had the benefit of quite extended borings 
at the upper site, together with several experiments made at that 
point, but were unable to find the same conditions had been met 
and satisfactorily treated elsewhere. 

The most definite and positive cutoff wall which could be pro- 
vided would, of course, be a steel or concrete diaphragm across the 
entire width of the dam site, and several schemes were worked 
out to demonstrate the feasibility of such a construction, but as 
the cost would be large and the time required would be considerable 
a modified scheme was finally installed providing for three rows 
of holes to an average depth of 50 feet, all of which were pumped 
full of cement grout under high pressure. 
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In considering any modified or compromise form of cutoff wall 
the integrity of which was not self-evident it was necessary to 
provide some means to demonstrate its efficiency because of the 
importance of the work involved. The purpose to be served by 
«uch a cutoff wall was first, to minimize the upward pressure; sec- 
ond, to prevent percolation; and third, to overcome any structural 
weakness in the foundation. 

In the form of cutoff wall finally adopted the holes were spaced 
in three rows, each 6 feet apart. The outside rows of holes were 
drilled first and the grout pressure applied by means of a Canniff 
Pneumatic Grout Mixer and Injector until the pressure rose to 
200 pounds if possible. Each hole was drilled and grouted as soon 
as completed, some of the holes requiring a considerable quantity 
of cement, while others could not be entirely tightened, and per- 
mitted the pressure to be raised to only about 50 pounds. At times 
the grout would escape to the surface and in those cases it became 
necessary to discontinue grouting on that particular hole until 
the cement had somewhat hardened when pressure was again 
applied. 

Following the drilling and grouting of the outside rows, holes 
were drilled along a row midway between and pressure applied 
without grout in order to test the efficiency of the diaphragm formed 
by the grout as distributed from the first set of holes. Where the 
results were not satisfactory additional holes were drilled in the 
outside rows and after grouting further tests were made along the 
center line of holes until satisfactory results were secured. This 
cutoff wall was located immediately upstream from the point at 
which the deck joined the river bed, and after completing the 
drilling and grouting the river bed was excavated for a depth of 
4 to 6 feet and solid concrete filled in and joined to the concrete 
of the deck in order to form a complete impervious cutoff wall. 

After the completion of the dam and filling of the pond two 
holes were drilled into the river bed inside the dam about 30 feet 
downstream from the cutoff wall, which gave a static head within 
13 feet of that due to the water in the pond. 

A careful examination of the river bed below the dam during 
the period of filling indicated that the seepage was not sufficient 
to cause excessive erosion, and there is reason to believe that the 
gradual deposit of silt in the river bed above the dam will practi- 
cally eliminate such seepage as does occur. To complete this work 
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required drilling of 34,000 feet at a cost, including grouting, of $1.55- 
per foot. 

The scarcity of suitable construction materials necessitated 
a careful investigation, with the result that a satisfactory sand 
bank was uncovered and arrangements made to select stone from 
the only available quarry along the railway right of way. The 
cement business on the coast not being in an entirely satisfactory 
condition, a careful investigation of all the principal plants which 
might furnish material for the work was made, with the result 
that a satisfactory contract was closed for sufficient material to 
contruct this work and meet the general construction require- 
ments of the company for several years afterward. 

The construction equipment included steam drills, derricks, 
cablew^ays and narrow gauge railway system, together w-ith the six 
core drills, air compressers and grouting tanks. Three concrete 
mixers were erected with suitable supply and storage bins, and a 
large construction camp was established. 

The w'ork first proceeded with the uncovering of bed rock materi- 
al on both banks and on the island above the water line and it 
was discovered that the island did not prove to be as great an 
advantage as was at first expected, because of the existence of an 
old stream channel and a considerable quantity of clay on one end. 
This condition, together with the necessary excavation of an old 
river channel at the site of the power house, greatly increased the 
excavation above the amount expected. 

The first concrete work was begun along the right hand river 
bank and the first lift of one buttress was erected in the middle 
of the right hand channel in order that it might serve as one por- 
tion of a coffer dam to divide this channel, when the work was be- 
ing completed. By locating the cutoff wall several feet upstream 
from the base of the dam, it was possible to proceed with the drill- 
ing and grouting practically independent of the main portion of the 
construction. 

Across the island this cutoff wall was extended through a slot 
excavated in the island almost to the water level with a sloping 
downstream face, which when covered with 2 feet of concrete formed 
the upstream deck of the dam at this point. 

The entire construction from beginning of excavation to delivery 
of powder at Portland required approximately 17 months, the largest 
force employed at any time being 655 men. In the construction 
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■of the dam the buttresses were built in lifts of 12 feet, groups of 
three and four buttresses being built at one time according to the 
space which was available for this purpose. The deck and apron 
was usually placed on the buttresses soon after completion of 
each lift, so that in this way with the struts between the buttresses 
each buttress was properly supported as it was erected. 

At the power house site after the whole chasm had been filled 
up the foundations were erected to the point where the penstock 
elbows and draft tubes could be placed, then the additional con- 
crete was placed up to the floor line. The end walls of the power 



Interior of Power Station. 

house formed protecting walls along the river bank oi\ one side and 
the island on the other side. The reinforced concrete superstruc- 
ture of the power house and gate house was further stiffened 
by structural steel framing to support the cranes and roof trusses. 
The work proceeded during the entire construction period, 
though its progress was somewhat interfered with by the heavy 
rains of the winter season. Fortunately, however, there were no 
excessive floods, and the cofferdam problems were not serious. The 
closing of the dam was effected after completion of the entire 
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structure with the exception of its temporary openings throUgb 
the base of the spillway portion, which together with the three sluice 
gates carried the entire stream flow during the dry season just 
preceding the completion of the structure. 

The installation of the machinery was pushed along as rapidly 
as the completion of \ he dam permitted. On account of the loca- 
tion of the power house with respect to the dam, it was necessary 
to lower the apparatus from the top of the bulkhead to the power 
house floor level, and the erection of the high tension apparatus 
inside the dam required that the buttress in back of the power 
house be completed and properly covered before installing this por- 
tion of the equipment. This was done, however, and as the trans- 
mission line was completed about [he same time it was possible to 
transmit power to Portland very soon after the water was first 
passed over the spillway. 

Mr. Frank R. Fisher, a member of your club, who was Resi- 
dent Engineer in charge during the construction, kindly furnished 
much of the construction data given above. 
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Paper No. 1131 

SUCTION GAS PRODUCER PUMPING ENGINE VS. COM- 

POUND CONDENSING CORLISS CRANK AND FLY 

WHEEL PUMPING ENGINE, GIVING COST OF 

OPERATION AND FIXED CHARGES, BASED 

UPON FIVE YEARS' OPERATING 

EXPERIENCE 

By J. E. GIBSON AND S. H. WRIGHT 
Read May 17, 19 IS. 

We are all familiar with the cross compound connecting Corliss 
engine, direct-connected to a pumping unit by having the piston 
rods extended back through cylinder heads, or by a set of trombone 
rods passing over crank and connected to the plungers of the pumps, 
and it is, we believe, generally conceded that this type of pump ng^ 
engine is about the best where efficiency, long life, simplicity of 
design and operation are considered. 

On the other hand, we know comparatively Httle in this country 
about the gas or oil driven pumping engine. Among the principal 
reasons for this condition we may mention the following: 

1st. The conservatism of the American engineer and owner 
against adopting something new and therefore different. 

2nd. The early history and experience with the American built 
gas engine. 

3rd. The difficulty of obtaining experienced help familiar with 
gas engines and producers. 

4th. The low first cost of steam driven pumping engines as com- 
pared with the cost of gas engines. 

5th. The abundance and low cost of fuel, making economy of 
secondary importance. 

However, the increasing cost of fuel and the agitation for the 
conservation of our natural resources, together with the improve- 
ment in design and construction of the American gas engine, has 
caused a decided change ii^ the attitude of the engineer and owner 
toward the gas ^nd oil engine prime mover. 
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There is an abundance of engineering literature, technical and 
descriptive, on the gas engine, its thermodynamic and mechanical 
efficiency, reliability, first cost, maintenance, etc., but we do not 
recall anywhere a comparison of this type of prime mover with 
that of steam upon a commercial basis and especially one covering 
any considerable interval of time. 

In the following we hope to present some figures that, while 
not technical nor bristling with B. T. U.'s, will be both useful and 
enlightening. Before proceeding to that portion of the paper, how- 
ever, a brief description of the two plants to be considered will be 
given. 

Delaware Water Company Plant. 

The Delaware Water Company was organized some seven years 
ago and supplies water to the P. B. & W. R. R. at its new shops 
and yards at Edge Moor and other points as far south as Newark, 
Delaware. 

Its pumping station is located at the head of tide water on the 
Christiana Creek, where an old water power driven feed and flour 
mill is located. This property, especially the dam, had been allowed 
to decay, and, in fact, shortly after the water company purchased 
the site, a sudden freshet washed the old dam out. This was replaced 
by a new concrete dam 200 feet long by 12 feet high, built on heavy 
timber crib work and flanked upon each end with earth embank- 
ments. 

Christiana Creek has 'a rather tortuous course through a sandy 
clay water-shed of 47.75 square miles, at site of , dam, of which 85% 
is under cultivation. Generally speaking, the water is very turbid 
and high in suspended matter. 

The impounding dam (10,000,000 gallons storage) is too small 
to permit of any material sedimentation, so mechanical filtration 
was resorted to. 

The water flows from the impounding reservoir through an intake 
chamber, where a portion of the coagulant is fed, and a 16 inch main 
to a 500,000 gallon capacity sedimentation basin; from here it flows 
to the main suction well, where additional coagulant is added when 
found necessary. The pumps lift the water from the suction well 
and discharge it through mechanical pressure filters to the stand- 
pipe and storage reservoirs of the Railroad Company. 
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Mechanical Plant. 

Building. 

The building for the plant is a neat, ornamental, brick structure, 
130 feet long by 44 feet wide, concrete floors, slate roof on iron 
roof trusses, and divided by brick partition walls into producer, 
engine and filter rooms. Except for the producer room, which 
has a second or charging floor of rolled steel floor plate, the building 
is one story. Immediately to the rear of the producer room at the 
elevation of the second floor is located the coal storage bin. This 
is of concrete and rubble masonry walls, concrete floor and heavy 
wooden flat roof with coal holes. Coal is hauled from Bear Station 
on the Delaware Division of the P. B. & W. R. R. by wagons, which 
drive onto the roof and dump their load through the coal holes 
into the bin. Industrial tracks are laid in the bays of the bin, so 
that the operator loads the coal car in the bin and pushes it on a 
slightly descending grade to the producer room charging floor. 
This is a most admirable arrangement and dispenses with any 
form of mechanical elevator or lift. The ashes are taken from the 
producer at the lower floor and wheeled to the ash bin. 

Gas Producer, 

The gas producer plant as installed consists of two complete 
units of producers, pre-heaters, scrubbers, purifiers and their ac- 
companying piping, drip wells, seals, etc. Each producer unit is 
equipped with a full set of manometers and a positive type of pres- 
sure blower for blowing up fires. This blower is belt-driven from a 
small water motor, or in case of insuflScient water pressure can be 
operated by a hand crank attached to the extended shaft of the 
motor. Producers are the standard suction type and rated at 110 
HP. by R. D. Wood & Company, their builders. The gas passes 
from the purifiers through a 16" cast iron gas main into engine 
room, where the branches are taken off to supply the engines. The 
far end of the gas main is provided with an opening to the atmos- 
phere. In starting the plant, the purge valves at producers are 
closed and gas is blown through the gas main and out this bleeder 
until all of the air is displaced by gas. 

Gas Engines, 

There are two 13" diameter by 12" stroke three cylinder, single 
acting, type 3, vertical Westinghouse gas engines rated by their 
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builders at 89 B. H. P. when operating at 290 revolutions per 
minute. 

Engines as installed are actually operated at 265 revolutions, 
with proportionate loss of power. 

Pumps. 



Each engine has its crank shaft extended and direct-connected 
by flanged coupling to the pinion shaft of 13" diameter by 15" 
stroke, single acting, triplex Deane pump. To accommodate the 
alignment of engine and pump shafts the pumps are sel; in a pit 
about three feet deep. Each pump is fitted with a single reduction 
of gears of 6 to 1 ratio, and when running at 44.1 revolutions, has 
a capacity of 1,640,000 gallons per 24 hours. Each pump is fitted 
with large suction and discharge air chambers, relief valves and 
starting valves. 

Auxiliaries, 

Each engine drives a small belted air compressor for compressing 
air to a pressure of 250 pounds gauge. This compressed air is 
stored in a battery of three air tanks and is used to start the engine. 
In addition to these compressors a small gasoline driven air com- 
pressor was installed lest the compressed air storage be lost by 
accident or leakage. It may be of interest to state that no diflSculty 
has been found in retaining air charges for a week at a time and 
ordinarily one charging is sufficient to make a half dozen starts. 
Of course, engines are started without load by opening starting 
valves on pumps. 

Each engine is equipped with J^ kilowatt 110 volt generator and 
6 cell Edison battery with necessary spark coil, resistance lamps^ 
combination switchboard and fuse blocks for electric ignition. 

Suction Discharge Piping Air Chambers. 

Each pump has an independent suction pipe to suction well, 
and discharges through a 16" connection to the 16" main discharge 
pipe. 

As the discharge takes place at times through a main 15 miles 
long, it was thought best to install a large steel air chamber at the 
back end of discharge main. This air chamber is 60" in diameter 
by 12 feet high, and is charged with air from small air compressors 
used for starting engines. 
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Filters, 

The four filters are of the pressure mechanical type, 8 feet in 
diameter by 25 feet long, nominally rated at 500,000 gallons each, 
or 2,000,000 gallons for the plant. Room was provided in the build- 
ing for four more of the same size. 

The discharge main is a compound pipe composed of two sections, 
the first 2.9 miles of 12" and 16" diameter and the second 12.1 miles 
of 20" pipe. Located at the junction of the 12", 16" and 20" pipes 
near Ruthby, Delaware, is a 50 by 50 foot steel standpipe, having 
its flow line elevation at 131. At Edge Moor, the end of the 20" 
line, there is a 20,000,000 gallon reservoir having a flow line eleva- 
tion of 79.3 feet. The pumping head when operating one pump 
against Ruthby standpipe is 140 feet, and against Edge Moor reser- 
voir it is 117 feet; when operating two pumps against Ruthby 
standpipe the head is 168 feet and against Edge Moor Reservoir 
173 feet. 

All water pumped is measured by a Simplex Venturi type meter. 

Method of Operation. 

For the first year or so only one pump was operated, and for 
only a portion of the day, but now the consumption has reached 
that point where it is found advisable to operate one pump con- 
tinuously and the second pump several hours each day. Accurate 
daily records are kept of all operating conditions, such as coal 
consumed, water pumped, oil used, amount of water flowing over 
the dam, etc. 

Cost of Plant. 

As this paper is dealing only with the Mechanical plant, no costs 
except those belonging to the plant proper will be given. The cost 
of the various items is as follow^s: 

Land for pumping station site, exclusive of riparian 
rights, damages or other costs strictly belonging to 
the cost of obtaining a water supply $ 5,000.00 

Building including coal storage bin, suction well, 
foundations for producers, engines, pimaps, filters, 
etc 33,750.00 

Gas producer plant, engines, gas piping, air com- 
pressors, air tanks including freight, hauling, labor 
and erecting 13,000.00 

Pumps complete including freight, hauling and erection . 7,250.00 
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Steel air chambers, suction and discharge piping com- 
plete, including all auxiliaries not included in above . . 4,500.00 
FUters complete 13,750.00 

Total cost of mechanical plant, building and lands $77,250.00 

Total cost of mechanical plant, building and lands, ex- 
clusive of filters 63,500.00 

Cost of plant per B. H. P. as at present installed 162 
B. H. P., exclusive of cost of filters 392.00 

Cost of plant exclusive of filters per million gallon 
capacity per 24 hours 19,250.00 

Fuel Used and Cost. 

A good grade of anthracite pea coal is used, costing $2.75 per ton 
of 2,240 pounds at the mine. The freight from mines to Bear is 
$1.70, to which must be added the cost of hauling, amounting to 
65 cents per ton, making the total cost of coal delivered in coal 
storage bins $5.10 per long ton. 

It might be well to state here that it does not pay to purchase 
anything but the best grade of white ash non-clinkering coal, which 
must also be of a uniform grade as to size. 

Performance Test. 

The guaranteed test conditions were as follows: 
When operating engines at 89 B. H. P. the consumption of coal 
was not to exceed 1.3 pounds per B. H. P. hour, and when operating 
the engines at 45 B. H. P. the guaranteed coal consumption was 
not to exceed these guarantees, the full load test being 1.02 pounds 
of coal per B. H. P. hour and 1 J^ pounds per delivered water horse- 
power, equivalent to a duty per hundredweight of coal of 158,400- 
000. 

We will for the present drop the gas producer plant and give 
our attention to the steam plant with which it is being compared. 

OcTORARO Water Company Plant. 

This company was organized about 1903, and, as its name 
implies, obtains its water supply from the Octoraro Creek. There 
are two pumping stations, the first or steam station, with which 
we have to deal, located about three miles south of Quarryville 
on the west branch of Octoraro Creek; the other a water power 
pumping station located below the junction of the west and east 
forks at Pine Grove Forge, Pa. 
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The drainage area of the west fork at the location of the steanr 
station is 23.0 square miles, of which about 80% is under cultiva- 
tion. The drainage area is very free from contamination, and the 
steam is, generally speaking, very clear and free from suspended 
matter. 

A masonry intake dam was constructed across the stream, 
forming a small pool and diverting the water to a suction well. 

Mechanical Plant. 

Building. 

The building for the plant is a single story, ornate stone structure, 
60 feet wide by 87 feet long, with gable ends and basement under 
engine room portion only. Roof is of Spanish glazed green tile 
laid on iron roof trusses, floors of concrete. The coal forage bin is 
located at the boiler room end and connected therewith by a covered 
passage. The coal storage structure is of stone, laid in conformity 
with the main building, and has a gambrel roof of galvanized iron. 
Coal is shoveled into the bin through openings in side walls of 
building. To avoid the lifting of coal in shoveling, the roadway 
around coal bin is elevated sufficiently to bring the bottom of 
coal openings at about the elevation of an ordinary wagon bed. 

Boiler Plant. 

The boiler plant consists of three 60'' diameter by 18 feet long 
horizontal return tubular boilers, with three pass brick setting in 
one battery. Each boiler contains forty-five 4" diameter by 18 
feet long charcoal iron tubes and 1,020 square feet of total heating 
surface. They were designed for a working steam pressure of 140 
poimds gauge \mder the Philadelphia Rules of the Hartford Boiler 
Insurance Company, and are connected by a brick breeching to 
a 4 foot diameter by 108 foot high Heinicke radial brick stack 
lined throughout with fire brick. 

Pumping Engines. 

There are two 18" and 32'' by 30" stroke, horizontal, cross com- 
pound condensing Wetherill Corliss engines having their piston 
rods extended through the back cylinder heads and connected to 
two horizontal, double acting inside packed plunger pumps having 
10" diameter plimger and 30" stroke, designed for a working pres- 
sure of 150 pounds per inch. 
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The engines are of the standard Corliss type. Cylinders are not 
steam jacketed, nor does the receiver have reheater coils. It will 
be seen later that the plant is an exceptional one for low mainte- 
nance cost, and has a remarkably high station running duty. 

Engines were designed to run at from 55 to 60 revolutions per 
minute and were rated at 3,000,000 gallons capacity, when running 
at the lower speed. On account of the high piston speed, 300 feet 
at 60 revolutions, the valve area of the pumps was made large, 
173% of plunger area, and large suction and discharge air chambers 
were provided. 

A uxiliaries — Condensers . 

Each engine is equipped with a surface condenser located in 
suction pipe to main pumps, and a 7" x 12'' x 15" independent 
horizontal single cylinder, double acting air pump, brass fitted 
throughout. 

Feed Pumps, 

Two 7J^" x 5" X 6" outside end packed ram pattern brass fitted 
feed pumps supply water to the boilers. y 

Heaters. 

The exhaust steam of all auxiliaries piped to a 500 H. P. Cochrane 
heater. 

,Steam and Water Piping, Meters, etc. 

Steam piping is complete in all details, special care being taken 
to prevent accidents, etc. Boiler steam supply outlets are equipped 
with double valves with bleeder between them, and in addition 
a quick closing valve is located in the main steam pipe, readily 
accessible to the fireman, so that in case of accident he can shut 
steam off from the engine room. 

Complete Holly gravity system for automatically returning 
live steam drips to boilers was installed. 

Main engines were furnished with independent exhaust to atmos- 
phere and fitted with relief valves. 

All live and exhaust steam piping where loss of heat is disad- 
vantageous is covered with 85% carbonate of magnesia. 

Water piping is flanged cast iron throughout. 

Engines have independent suction pipes to suction well located 
just outside of engine room. No foot or check valves are used, but 
each air pump is connected with its respective suction air chamber 
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of main pump, so that suction pipe, condenser shell and suction 
chambers are entirely exhausted of air and full of water before 
engine is started. 

The discharge main is 16" diameter and 2.21 miles long. All 
the water from both the water power station and this station passes 
through this main to the 10,000,000 gallon distributing reservoir 
at Mars Hill, which has a flow line elevation of 728 above Sandy 
Hook. The elevation of the water in diverting intake dam is 427 
feet above Sandy Hook, making the static head on pumps 301 feet. 
This head is increased to 335 feet, when steam plant alone is in 
operation and 365 feet when water power station is running at its 
full capacity. 

In addition to suction and discharge air chambers, there is a 6 
foot diameter by 14 foot high steel air chamber located at the back 
end of discharge main. A Westinghouse Air Compressor 93^2" 
diameter steam by SJ^" air cylinder by 10" common stroke, for 
furnishing compressed air for all air chambers, is mounted upon 
the large steel air chamber. 

Complete set of gauges, revolution counter and connections was 
furnished with each engine. 

All water pumped is measured by a 16" Simplex Venturi type 
meter. 

Operation. 

Usually one pump and two boilers are in use. The number of 
hours the plant is operated per day varies, owing to the changing 
consumption and to the amount of water pumped by water power 
stations. This latter amount depends entirely upon the flow of 
the creek. 

Accurate daily records are kept of all operating conditions, as 
in the Delaware plant. 

Cost of Plant. 

As in the gas plant, no costs other than those belonging to the 
mechanical plant and its housing will be given: 

Lfind for pumping station site, exclusive of riparian 
rights, damages and other costs pertaining to the 
securing of a water supply $ 5,000.00 

Building complete including coal storage bin, engine 
and boiler foundations, stack, grading, etc 32,875.00 
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Complete mechanical plant including boilers, engines, 
auxiliaries, steam and water piping, covering, etc . . . . 39,850.00 

Total cost of mechanical plant $77,725.00 

This latter figure should be compared with the cost of the Delaware plant 
exclusive of filters, i. e., $63,500.00. 

Cost of plant per B. H. P. of engine, allowing 10% for 

friction of engine 190.00 

Cost of plant based upon total capacity in million 
gallons per day 12,100.00 

Fuel Used and Cost. 

The best grade of "B" or Miller vein bituminous coal from the 
South Fork region is used, costing $1.50 per ton of 2240 pounds 
at the mines. The freight from the mines to Quarryville is $1.50 
per ton, to which must be added the cost of hauling, amounting to 
$1.40 per ton, making the total cost of the fuel delivered in coal 
storage bin $4.40 per ton. This coal is high in carbon, low in vola- 
tile matter and is one of the best steaming coals mined in Pennsyl- 
vania. 

Performance Test. 

The duty guarantee was to be not less than 100,000,000 foot 
pounds per thousand pounds of dry steam when operating at a 
capacity of 3,000,000 gallons per 24 hours against a working water 
pressure of 332 to 362 feet; the steam pressure, 135 pounds at the 
throttle. The steam consumption of the independent air pump 
is to be included with that used by main engine. 

We have gone rather fully into the description of these plants, 
chiefly to give a clear idea of the two plants, so that individual 
conclusions may be made upon the matter to follow. 

Operating Records, Expenses, etc. 

As before stated, complete daily records of operating conditions 
were kept at pumping station. The more important and pertinent 
ones for this paper are: 

1st. Fuel c(}nsumed. 

2nd. Daily pumpage in gallons by meter. 

3rd. Total pumping head, which included, 1st, suction head, 
2nd, discharge head. (Plus or minus correction for difference in 
elevation of gauges. This was a constant, as gauges were per- 
manent. 
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4th. Number of hours m operation. 

5th. Other incidental records kept were steam pressures, vacuum, 
revolutions of engines, feed water pumped to boilers, oil waste 
and packing used, supplies received, operating force employed, 
and any other matters of probable interest. 

All records pertaining to the expense of operation of plant were 
kept in the main office of the company. For the purpose of this 
paper it is not advisable to go into too much detail, so we have 
divided the operating expenses into the five general headings, as 
follows: 

Fuel, 

Oil, waste and packing, 

Pumping station wages, 

Building and macinery repairs. 

Miscellaneous expenses. 
This last item covers those items arising in the operation of a plant 
that can not readily be split up into other items, except by a great 
deal of detail. 

These expenses are easily obtained from the companies' books, 
but there are other expenses, viz: mangement, superintendence, 
depreciation, sinking fund for retiring the bonded debt, interest, 
insurance and taxes. Dividends on capital stock are omitted, as 
it is assumed that the plant is constructed entirely with borrowed 
capital and therefore the stock has only a nominal or voting power 
value. The overhead and fixed charges can not be accurately 
determined, as the accounts include pipe lines, reservoirs, stand- 
pipes and other pumping stations, and therefore they have been 
merely estimated. 

Management, 

Under this heading we include the legal organization of the com- 
pany, consisting of a president, a treasurer, who also acts as the 
secretary, and a board of three directors. The president and treas- 
urer each receive $1,000 per year for their services, and the direc- 
tors each receive $10 per board meeting. Assuming that the board 
meets once a month and are all present this charge would amount to 
$360 per year, or a total of $2,360 for mangement. This amount 
covers the entire system. The amount chargeable to mechanical 
plant is necessarily very small, but we have arbitrarily taken it 
at $200 per year for each company. 
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Superintendence. 

Under this heading is included not only the salary of the super- 
intendent, but that of his office assistance, stationery, postage, 
telegraph, telephone, office rent, livery and other incidental ex- 
penses. The superintendent must necessarily be a high grade 
man, for the success of the plant depends upon him. 

The superiDtendent's salary we have placed at $2,500 per year. 



A bookkeeper and clerk at 


1,200 


A stenographer at 


500 


Office rent, including heat, light, water, etc. 


300 


Postage 


100 


Telephone and telegraph 


170 


Stationery 


250 


Livery and miscellaneous expenses 


500 
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Making a total of $5,520 

Of which amount we have charged 16 1-3% to 
the mechanical plant, amounting to $ 920 

Depreciation. 

Here we have only to consider the mechanical plant and its 
housing. For the Corliss engine plant we have figured upon an 
average life of 20 years for the mechanical plant, and 35 years for 
buildings, etc. For the gas producer plant, we have allowed an 
average life of only 15 years for mechanical plant and 35 years for 
buildings. Our reason for allowing only 15 years for the gas engine 
plant is that we have not had sufficient experience with this class 
of machinery to warrant our giving it a longer life, although w 
can see no reason why its life should not equal that of a steam 
driven plant. 

We therefore set aside at the end of each year a sum which at 
4% compound interest will at the expiration of the life of ohe plant 
amount to its first cost. 

This sum is 

lat Delaware Plant. 

For mechanical plant excluding filters $ 1,236.00 

For building 458.00 

Total each year $ 1,694.00 
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8nd Ocloraro Plant. 

For mechanical plant 1,340.00 

For buildings 447.00 

Total each year $ 1J87.00 

It will be noted that no depreciation is allowed for obsolescence, 
inadequacy or supersession. 

Sinking Fund for Retiring Bonded Debt 

We are of the opinion that this item should not be included in 
the cost of operating a public utility, for the reason that capital 
should be everlasting; nevertheless, the courts of our country 
allow it, and, furthermore, we have seen, time and again, private 
water, gas and electric light companies' plants virtually confiscated 
by the public through the instrumentality of completing plants 
paralleling the lines and mains of the older company, so a sinking 
fund is imperative or no company could dispose of its bonds. This 
linking fund we have fibred upon a 4% basis, 30 year life of bonds — 
and amounts to $1,043.00 for the Delaware Company plant and 
^1,297.00 for the Octoraro plant. 

Interest, 

We will issue bonds having a rate of interest sufficient to cause 
them to sell at par. This interest we have taken at 7%, as this 
would seem to be about the rate of interest this class of investments 
«hould bear, where the plants are well established in a growing 
territory. This annual charge amounts to $4,095 for the Delaware 
plant and $6,491 for the Octoraro plant. 

Insurance, 

This item covers fire liability and boiler insurance. The buildings 
-of both plants are substantially built of non-burning material, 
except for windows doors, and roof, and could therefore be but 
little damaged by fire. The machinery would however be subject 
to considerable damage. We have therefore, for insurance purposes, 
placed a valuation of $20,000 on the Delaware plant and $30,000 
on the Octoraro or steam plant. Both plants are fully equipped 
with fire fighting apparatus and thereby receive the benefit of the 
lowest insurance rates for isolated plants. This amounts to $66 
per year for the Delaware plant and $90 per year for the Octoraro 
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plant. The boiler and liability insurance we have taken at $160 
per year for the Octoraro plant. The Delaware plant has no boiler 
plant and therefore only liability insurance is carried. This costs 
$10 per year for $10,000 insurance. We have, therefore, a total 
insurance charge of $76 for the Delaware plant and $250 for the 
Octoraro plant. 

Taxes. 

The state levies a bond tax of four-tenths of one per cent, on all 
bonds, and five-tenths of 'one per cent, on the value of the stock a& 
assessed by the State. As before stated, the stock has only a nominal 
value of $10 per share, and for the purposes of taxation we will 
assume that the same amount of stock as bonds is issued. This 
would be the equivalent of a tax of 45-100 of one per cent, on the 
bond issue alone and would amout to 

For the Delaware plant, $263.00 per annum. 

For the Octoraro plant, $327.00 per annum. 

Grouping the above items into a table we have thefoUowing: 

Table I. 

Item, Delaware Plant. Odararo Plant. 

Management $ 200.00 $ 200.00 

Superintendence 920.00 , 920.00 

Depreciation 1,694.00 1,987.00 

Sinking Fund 1,043.00 1,297.00 

Interest 4,095.00 6,491.00 

Insurance 76.00 250.00 

Taxes 263.00 327.00 

or grand totals of • $8,291.00 per annum 

for the Delaware plant, and $11,472.00 

for the OctOTaro plant* 

Operating Expenses. 

Below is given a table of operating expenses of the two plants* 
For ease of comparison each year for both plants is placed in ad- 
joining columns. 
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Table II. 
Operating Charges. 

Delaware Water Co., Gas Plant. Octararo Water Co., Steam Plant, 



ITEM. 



1008 



Plant 



Gas. Steam 



Fuel 

on. Waste and Packing 

Building and Machinery Repairs 

Pumping Station Wages 

Mlsceilaneous Expenses 



1900 



Plant 



Gas. 



Steam 



1910 



1911 



1912 



Plant 



Gas. I Steam 



Total per Annum 



600.22 3497.781 

180.62 182.88' 

100.64* 106.83 

1S01.67 2829.601 

75.09 102.59' 



641.511 
196.58' 

•280.07! 

1868.061 
188.75 



8863.50! 

168.90 

14.00 

2412.15 

107.09 



Plant 



Plant 



Gas. 



Steam 




2867.26 6806.18 3108. 97| 6655.64 



1173.58 4096.81 

383.33 128.08 

t418.73' 245.07, 

2876.03, 2300.88 

143.18 81.11 



1474.40 4167.80 
227.9r; 201.88 
251.06' 542.87 

2518.27 2180.00 



188.00 



4344.85 6864.80 4666.2 7238.81 



146.08 



1706.85 

200.64 

U16.10 

2807.80 

274.81 



4418.07 

aoe.70 

608.88 



5106.88 



107.80 
7804.78 



*Inciades the replacing of spiral riveted purge pipes on producers, with cast iron pipe, 
flnciudes spare parts for engines, such as inlet and exhaust valves, piston rings and piston, etc 
tlndudes compromise settlement of claim for damaged castings that developed in producer in 1008, be- 
fore tiia plant was finally accepted. 

Combining Tables I and II we obtain Table III, which gives the 
total combined operating and fixed charges for each of the plants: 



Table III. 
Combined Fixed and Operating Charges. 

Delaware Water Co., Gas Plant. Octoraro Water Co., Steam Plant. 





1008 


1000 


1 
1910 . 1911 1012 


ITEM. 


Plant 


Plant 


Plant Plant Plant 




Gas. 


Steam 


Gas. 


Steam 


Gas. Steam ; Gas. 


t 
Steam Gas. 


Steam 


Opflratipg TCxpen<9eff 


2867.26 
8291.00 

10668.26 


6606.18 


Aim. 07 


1 
6656.64! 4344.85 6864.80 4665.20 7238.81' 5195.88 


7804.78 


Furod and Overhead Charges 


11472.00 8291.00 


11472.00 8291.00 U472. 00 8291.00 U472.00 8281.00 

1 


U472.00 
10276.72 


Total Yeaiiy Cost 


17078.1811394.07 


18127.64 12635 85 18710. 81 12746. 20 18710.81 13486.88 



Mechanical Performance of Plant. 

We have tabulated the principal items of the daily log records 
of the plant for each month, showing the average results for each 
year and for the total period of five years. This record is shown 
in Table IV, and, as a further aid and to show the monthly varia- 
tions in operation, we have plotted them as a diagram. 
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Economical Results. 

From the information obtained and shown in Tables I, II and 
III, we have prepared Table V, which gives the cost of pumping 
one million gallons of water, one hundred feet high. 



Table V. 

Cost of Pumping One Million Gallons 100 Ft. High. 
Overhead, Fixed and Operating Charges. 

Delaware Water Co* 8., Gas Engine Plant. Ocioraro Water Co* a., Steam Engine Plant. 



UNIT PER MILLION GALLONS 
ACTUALLY PUMPED 100 
FT. HIGH 



1908 



1909 



1010 



1911 



Gas. 



steam' Gas. Steam Gas. Steam Gas. Steam 



I 



1018 



0.491 

2.265 

4.965 

8.180 

16.970 

.615 

.808 



.580 

2.715 

5.000 

3.080 

12.080 

.224 

.787 



.482 

2.215 

4.790 

3.120 

15.620 

.600 

.788 



.318 
1.465 
2.695 
1.658 
6.500 
.181 
.418 



.415 

1.906 

4.120 

2.685 

13.440 

.519 

.608 



.301 
1.381 
2.552 
1.569 
6.150 
.114 
.896 



.407 

1.875 

4.060 

2.645 

18.230 

.509 



28 219 ' 24 475 27.617 13.175 23 780 ' 12.463 23.382 12. 131 I 21.781 



g Management l 0995 

Superintendence 2 4 590 

»- Depreciation 3 8. 440 

S sinking Fiind 4 6.200 

O Interest 5 20.400 

_- Insurance 6 .379 

$ Taxes 7 1.313 

X _______^_»___-^^ _ 

E Total Cost Per Annum 8 41 .317 

Fuel I 9 2.615 

Oil, Waste and Packing 10 0.775 

S Pumping Station Wages Ill , 7 490 

Gfi Macninery Repairs and Building . 12 .432 

« Miscellaneous Expenses 13 .322 

^ Total Cost Per Annum 14 11.634 

I 

^ Total of Operating and Fixed ' 

I Charges 15 52.951 

O 16 I Average cost of pumping 1 million gals. 100 ft. high — Gas, 

17 I Average cost of pumping 1 million gals. 100 ft. high — steam, 

I 18, 



Gas. 

1.345 
2.480 
1.522 
6.980 
.111 
.400 



Steam 

1.741 

8.766 

2.406 

12.270 

.478 

.618 



2.410 
.126 

6.210 
.072 
.133 



1.441 
.439 

5.470 
.631 
.300 



2.696 
.115 
5.825 
.0006 
.0785 



1.291 
.366 

8.615 
.461 
.157 



2.425 
.076 

4.790 
.146 
.048 



1.605 
.232 

8. 787 
.256 
.188 



2.510 
.126 

4.460 
.827 
.068 



1.860 
.208 

3.670 
.481 
.286 



2.806 
.106 

4.620 
.316 
.108 



8. 961 I 8.281 8.721 6.890 > 7.485 1 5.968 , 7.501 < 6. 464 I 7.349 



87.170 82.756 i 86.338 10066 31266 18.431 80.883 18.585 20060 

28.36 
82.05 



This we have divided up to show the cost per milUon gallons for 
each of the items that ordinarily go to make up the cost of pump- 
ing water. Line 8 shows the total for fixed and overhead charges, 
while Line 14 covers the total cost for operating charges, and, finally, 
Line 15 gives the combined total cost. 

The cost per million gallons for items. Lines 1 to 7 inclusive of 
fixed charges, and Line 11 of operating charges, was obtained by 
dividing the annual cost for that item by the actual number of 
million gallons pumped for the year, as these charges were independ- 
ent of the pumping head. Items 9, 10, 12 and 13 were obtained by 
dividing the annual cost by the equivalent million gallons pumped 
one hundred feet high for year. 



388 Gibson — Suction Gas Producer Pumping Engine 

Lines 16 and 17 show the average cost per million gallons for the 
five year period, $28.36 for the gas plant and $32.95 for the steam 
plant. 

This is equivalent to $56.80 and $68.50 per horsepower for 24 
hour power delivered to the customer, or, stated another way, it 
is equivalent to .88 and 1.05 cents per kilowatt for the steam and 
gas plants respectively. 

In conclusion it may be stated that the figures given are the 
actual results obtained in two existing plants similarly situated 
and therefore comparable. 

Necessarily, the local conditions, nature and cost of fuel available, 
etc., must enter into every discussion as to the kind of power to be 
adopted for a proposed plant, but it is our opinion that the gas 
engine driven pumping engine has a much wider field than has 
heretofore been accorded it. 

We wish to thank those who in their oflBcial capacity have per- 
mitted the use of the data that has made this paper possible. 

DISCUSSION. 

Mr. Ledoux. — It will be noted that the steam plant referred to by Mr. Gibson 
ran on the average about half of the 24 hours, while the gas plant generally ran 
the entire 24 hours. The comparison in favor of the gas plant may be assumecT 
by many as due to this fact. However, the average duty of that particular steam 
plant amounted to about 66,000,000, which is about as high as is obtained in 
other similar plants where the run is continuous. This high duty is evidently 
due to the good fuel, good management and excellent handling of the plant. About 
70,000,000 annual duty is in my judgment the upper limit of a p^ant of that kind. 

Prof. Fernald. — I am not prepared to discuss the paper in detail, but I am 
very much interested in the statements of fuel efficiency and the operation of 
the plants. I have been following producer gas problems for some time, and 
have been pleased to see how the problem has worked out in favor of the gas plant 
under actual operating conditions. 

There is one feature, however, I would like to call attention to. In this parti- 
cular installation we find very high grade coal being used. In a plant that is 
operating imder rather ideal conditions for producer gas work, that is, under 
uniform load, the producer gas plant makes good. What those of us who are in- 
terested in producer gas would like to see is the utilization of grades of fuel that can 
not be used to good advantage in steam plants. Not only have producer gas planst 
made good on high grades fuels, but it has been demonstrated that low grade 
fuels can be utilized to good advantage. I hope this organization may have re- 
ports of plants which have been operating on grades of fuel that are not advant- 
ageous in ordinary steam plants, because that is a field of great importance as 
far as our fuel conservation is concerned, and the time is coming when we will 
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have to use grades of fuel that are not now commercially valuable I would like 
to know whether any attempts have been made in the plant under discussion to 
use such grades of fuel. 

Dr. Chance. — I like very much to see the gas engine shown up in as favorable 
a way as possible as compared with steam plants, but I do not exactly understand 
the basis on which it is fair to compare the cost of a relatively small plant with 
a relatively much larger plant. I do not imderstand either how it is fair t6 steam 
plants to compare a plant which is nmning on a relatively low load factor, with 
a gas plant that runs on a much higher factor, and I would ask whether any 
corrections were introduced to balance this diffierence. 

Mr. Gibson. — ^The figures given in the paper are those actually obtained at 
the two plants under normal operating conditions. It will be noted that for about 
12 of the 24 hours, two gas engines were nm, and for the purpose of supplying 
gas, two producers were run. However, when the second gas engine was shut 
down, one producer was shut down at the same time, so that during this interval 
of time there is a standby loss on one of the producers, which is charged up to 
the operation of the entire plant. The standby losses of the steam plant are, of 
course, higher than those of the gas plant, as it runs only a portion of the day, but 
this in turn is offset to quite an extent by the steam engine plant having a much 
larger capacity and higher head to pump against. The actual cost of the two 
plants is about the same, but had the gas plant been installed of equal capacity 
with the steam plant, its cost would probably have exceeded the steam plant a 
little bit, although in some recent figures which I have made, I find that a gas 
plant installation does not exceed that of a steam plant installation of the same 
size. 

Answering Professor Femald, I would state that no effort has been made to 
bum cheap fuel in either of these plants, as we find it pays to buy the best coal 
obtainable in the market. With the best fuel we obtain not only the highest 
economy in operation but the greatest amoimt of satisfaction in our employees, 
and, as a metallurgical engineer recently said, * * The labor is very often more re- 
fractory than the material," we count the satisfaction of our employees as a very 
desirable factor in the operation of our water works plants. 

Mr. Codman. — What is the value of that gas in cubic feet? 

Mb. Gibson. — It will probably have heat value in the neighborhood of 125 
B. T. U. per cubic foot. 

Mr. Codman. — Natural gas in Pittsburgh tested at 900 B. T. U., the gas we 
have here in the City is partly producer gas and partly enriched gas; it has by 
.U. G. I. tests 675 B. T. U. 

Mr. W. T. Price. — In regard to the amount of attention required. How many 
men are needed at the plant for the day time and how many at night for operat- 
ing the engines? 

Mr. Gibson. — ^There is a chief engineer and two assistant engineers. The 
Chi^ Engineer lives in the Company's house nearby and is subject to call 24 
hours per day. The assistant engineers work alternate shifts, one being on duty 
at the same time the Chief Engineer is, and the other, or night shift, being alone. 
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The Chief Engineer with the asistance of the assistant engineer on day shift is 
supposed to look after the up-keep and repairs to the plant and keep all records 
of the operation of the plant. 

Mr. Price. — Mr. Gibson's paper is very broad in its field, giving figures for 
total cost, whereas we so often get figures dealing only with fuel and operating 
costs. 

One of our members spoke about the utilization of low grade coal fw producer 
gas work. I think it has been the experience of all those aroimd Philadelphia who 
have producer gas work in charge, that it is not only advisable but really neces- 
sary to use a high grade fuel in order to get dependable operation. 

Something of interest I noticed in Mr. Gibson's paper, is that while the fuel 
consumption under test showed 1J25 pounds of coal per Water H. P. hour, the 
actual result for a period of five years was 2.08 pounds, 81% in excess. I think 
it is always the case with producer gas equipment that the pounds of coal per H. P. 
hour when taken over a long period of operation run considerably higher than 
that shown by a test. 

For five years I have been connected with a company (the De La Vergne 
Machine Ck>mpany) building both gas engines and another type of internal 
combustion engine and we have foimd in the past four or five years that the oil 
engine, for a great many cases, has the preference among most power users. We 
have had better results through the use of oil engines than with gas engines. 
During the past year, however, the price of oil has increased considerably. The 
oil coming from the Pennsylvania fields, the Mid-continent and the Texas fields 
so increased in price that the oil engine was nt)t as economical as before, and the 
fuel cost was raised above that of producer gas equipment. At the present time, 
however, Mexican oil is coming in. It can be purchased around Philadelphia 
for 3.7 cents per gallon, whereas the other oils sell around 5 cents. Figuring on 
oil at 4 cents per gallon instead of 3.7, thus allowing for the difference in freight 
rate between here and this Delaware pumping plant, and also allowing for the 
work of hauling to the plant, the cost per Water H. P. hour would be considerably 
less with oil engines than with producer gas. Assuming 75% pumping efficiency, 
which Mr. Gibson 's figures indicate, the cost for the oil engine would be $.00334 
per Water H. P. hour, and for the gas engine $.00475. In this case the fuel cost 
is 42% higher with gas than it would be with oil, and this would represent a dif- 
ference of about $600 per year. I have no figiu*es showing the fuel consumption 
of an oil engine driven water pumping plant over a period of years, but I have 
some figures on a slide showing the total fuel consumption for two years with 
a 180 H. P. engine operating at an average load of something over 52%. It has 
been our experience with all oil engine installations that the fuel consumption 
per B. H. P. hour for a term of years is practically identical to the fuel consump- 
tion per B. H. P. hour imder test, whereas with producer gas equipment there 
s always a wide discrepancy. 

Mr. Wood. — The case of the producer gas engine or oil engine vs. the steam 
engine or steam turbine may, I think, be summed up in the statement that the 
producer gas engine and oil engine have their fields in small powers, and loads 
of certain character, and that these forms of prime movers cannot successfully 
compete against the steam engine or steam turbine in plants where a large amount 
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of power is developed or where the exhaust steam can be utilized for beating. 
In the latter case the gas engine or oil engine has no field, even for small powers. 
In the case of plants where only power is required, and where the amount of 
power developed is less than 200 or 300 H. P., the producer gas engine or oil en- 
gine undoubtedly will show a decided economy over the steam engine, particu- 
larly if the water supply of the plant is so limited as to preclude^the operation 
of the engine or turbine under vacuum. 

Dr. Chance. — I do not think the discussion shoiild be closed with a state- 
ment so broad as that, that the gas engine is not in it with the steam for powers 
exceeding 200 H. P. 

Mr. Wood. — The principal point of my argument for the steam engine i> 
based .on the fact that a steam plant of large size can be built for one-half to 
one-third the cost of a gas or oil engine plant, and that the saving in capital 
charges and repairs in a eteam plant will out-weigh the saving in fuel in the case 
of a gas or oil engine plant. As a matter of fact in large steam plants, properly 
designed and operated, the coal consiunption per imit of power is just as good 
as can be obtained in any producer gas engine plant, while the total cost of pro- 
ducing power (capital charges included) is much lower. 

Mr. Price. — The Mesta Machine Company are prepared to delivery any* 
thing at $92 per K. W. If you figure it against a steam turbine plant at $8.5 to 
$90 per K. W. it does not look so bad, and you do not have the trouble of 
keeping up boilers. 

Mr. Wood. — In reply to Mr. Price's remark, I would say that my opinion is 
that any large power installations that cost $80 to $90 per K. W., including 
buildings and equipment of every kind, will have a hard time making a li\dng in 
the very near future. In order to meet the market for cheap power, the cost of 
large central stations must be gotten down to something more like $50 per K. W. 

Mr. Ledoux. — I do not think this discussion is exactly scientific. Mr. Wood's 
statement does not impress me, but imtil I know the cost of 15 or 10,000 H. P. 
gas plants and the cost of operation, I am "from Missouri" as compared with 
steam engines or any other kind. 

Mr. Wood. — The total cost of the plant referred to, including buildings and 
all equipment, was approximately $41.50 per K. W. if installed capacity. 

Mr. Gibson. — What size plant was this? 

Mr. Wood. — I think in the neighborhood of 45,000 K. W. I happen to know 
of some recent estimates for a large Railway Station where the Engineers figure 
that the cost of the plant will not exceed $40 per K. W., and appropriations for 
the work will be made on this basis. 

Mr. Price put a slide on the screen showing the following operating costs: 

Operating Cost op De La Vergne Type "FH" Oil Engines. 

The following is a tabulation of reports received from the Snead & Company 
Iron Works, Jersey City, N. J., giving the cost of power at their plant for twenty- 
four months, ending February 1st, 1912. 
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The plant consists of one 17x27>^ De La Vergne type '*FH" twin cylinder 
oil engine — 180 brake horsepower rated capacity, direct connected to a 125 K. W. 
525 volt D. C. generator; the electric current generated being utilized to drive 
motors and for lighting purposes. 

Actual Cost op Powkb. 

Plant operated 588 days or 5985.30 hours total: 

Total K. W. hours produced 369,684 — 552,217 brake horsepower hours by calcu- 
lation. 
Load Factor— 54.2% 

Total Per K. W. Hr. Per B. H. P. Hr. 

Fuel Oil 38,211 gaUons $859.75 $.00232 $.00155 

Lubrication 228.72 .00061 .00041 

Miscellaneous 123 .20 .00032 .00022 

Labor and attendance 1361 .42 .00368 .00246 



$2573.09 $.00693 $.00464 

Fuel oil employed 28.8° Beaume = 7.35 pounds per gallon. 
Pounds of oil used — .761 per K.W. hour — .508 per horsepower hxnw. 

The point I wish to bring out is this: 

This 180 HP. type " F. H. " De La Vergne oil aagine was guaranteed to develop 
its power at the following load of fuel consumption: 

Full load ..... .0.5 poimd per B. H. P. Hr. 

% " 0.5 " " " 

K " 0.55 " " " 

The engine operated at an average load of 54.2% for a period of two years and 
during that time the total oil consumption was 38,211 gallons which is at the rate 
of 0.508 pounds per brake horsepower hour. It is true in the general case that 
the operating results with an oil engine are identical with the test results. 
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The next aljde ebons & longitudinal section of a De La Vergoe type "FH" 
engine, which ie the type adapted to bum Mexican crude oil and tars. The differ- 
ence between this engine and the Die«el type ie that the comprewon prcflsure 
is carried only t« 280 pounds instead of 625 and at the end of the compreeaion 
atroke the oil ia atomized by compressed air into the vaporizer chamber shown 
by the circle at "D". Inorder to work with the greatest economy it is necessary 



Fig. 2. 
Longitudinal Section of Engine. 

to bum the cheap Mexican crude oils, and to do this the vaporizer chamber must 
be used. It is not necessary to treat this vaporize with the same decree of respect 
as one would the cylinder walls in the case of the Diesel type of engine, where 
the oil ia injected Meetly into the cylinder. We have had no trouble whatever 
in burning not only Mexican crude <^, but also water gas tar and coke oven tar 
without carbonization of any kind. 
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W. J. WARNER 

Mr. Walter J. Warner, Associate Member of the Engineers' Club, formerly 
connected with W. S. P. Shields, died suddenly on June 10th, 1913. 



R. A. SHILLINGFORD. 

Mr. Shillingford was bom in Philadelphia in 1857; a graduate of the University 
of Pennsylvania in 1879 and afterwards connected with the Cambria Steel Com- 
pany of Johnstown, Pa., and later with the Berwind White Coal Mining Com- 
pany as Mine Engineer. In 1887 he became Superintendent of the Clearfield 
Bitiuninous Coal Corporation at Peale, Pa., and in 1900 removed to Clearfield, 
Pa. In 1909 he was made Vice President and General Manager of the Clearfield 
Bituminous Coal Corporation. At the time of his death he also held the position 
as Inspector of coal properties of the N. Y. C. & H. R. R. R. He was Director 
of the Beech Creek Railroad, and of the Clearfield & Franklin R. R. He was also 
a Director of the Clearfield Trust Company, and later was Vice President of 
that institution, and at the time of his death was President. He was Vice Presi- 
dent of the Clymer Electric Company, and Director of the State Central Elec- 
tric Company. He was a Director of the Kittanning Coal Company of Philadel- 
phia, Empire Coal Mining Company of Philadelphia and Pioneer Coal Company 
of Philadelphia. In 1908, he was a member of the Commission appointed by the 
Governor of Pennsylvania, to revise the mining laws of this state. He was a 
member of the University Club of Philadelphia, Engineers' Club of Philadel- 
phia and Pennsylvania Society of New York. 

Mr. Shillingford died Monday, Jime 16, 1913. 
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PAPERS SCHEDULED FOR THE FALL TERM 

The Meetings Committee beg to amiounce that the following papers have 
been scheduled for the fall term: 
September 20 — Sewage Treatment in Pennsylvania. 

By Charles F. Mebus, Vice President, Engineers' Club. 
October 4 — ^The Lhutations of Mathematical Theory Applied to 

Engineering. 

By W. G. Button, Engineer, Bureau of Building Inspec- 
tion, Philadelphia. 
October 18 — Modern Color Photography. 

By Henry Leffmann, Past President, Engineers' Club. 
November 1 — ^Housing and Sanitation. 

By Bernard J. Newman, Secy., Phila. Housing Commis- 
sion. 
November 15 — ^The Grand Central Terbanal Improvements. 

By George A. Harwood, Chief Engines, N. Y. C. & H. 
R. Railroad. 
December 6 — ^The Hudson River Siphon. 

By Ralph N. Wheeler, Division Engineer, Board of Water 
Supply, New York. 
December 20 — Concrete Roadways. 

By Lewis R. Ferguson, Asst. Secy., Amer. Portland 
Cement Manufacturers. 
January 3 — ^The Scranton Mine Problem. 

By Eli T. Conner, Consulting Mining Engineer. 
January 17 — Some Recent Improvements in Steam Locomotives. 

By George R. Henderson, Consulting Engineer, Baldwin 
Locomotive Works. 
Fd)ruary 7 — ^Annual Meeting. — ^Presidential Address. 
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ADDITIONS TO THE LIBRARY 

The following books have been presented to the library of the Engine 
Club by the Junior Section: — 

Technological Dictionary (3 vols.) — Tolhausen. 

Municipal Franchises — Wilcox, 

Engineering Valuation of Public Utilities — Foster, 

The Law of Operation — WaU. 

Valuation of Public Service Corporations — Whitten, 

Logarithms — Brvhns. 

Advanced Algebra — Milne, 

Plane and Solid Geometry — Milne, 

Evolution of Internal Combustion Engines — BtUler, 

Applied Mechanics — Rankin, 

Treatise on Hydraulics — Merriman, 

Fire Prevention and Fire Protection — Freiiag, 

Principles of Concrete Construction — Tumeawre and Maurtr, 

Field Engineering — Searles, 

Cost Data— OiMe/fc. 

Engineering Work in Towns and Cities — McCvlUmgh. 

Timneling — Prelini. 

Plane Surveying — Tracy, 

Mechanics Applied to Engineering — Goodman, 

Theory of Structures — Spofford, 

American Civil Engineers' Pocketbook. 

Engineering Index Annual — 1912. 

PVinciples of Electrical Engineering — Pender. 

Electric Power Transmission — Bell, 

The Art of Illumination — Bell. 

Centrifugal Pumping Machinery — De Laval, 

Mill Buildings — Ketchum. 

Street Paving and Paving Material — TiUson, 

American Highway Assoc. Good Roads Year Book — 1913. 

Freight Terminals and Trains — Droege, 

Treatise on Roads and Pavements — Baker, 

Dust Preventives and Road Binders — Hvbbard, 

Art of Roadmaking — Frost, 

Modem Asphalt Pavements — Richardson, 

Construction of Dams — Wegmann, 

Reservoirs — Schuyler, 

Central Station Heating — Gifford. 

Practical Manual of Steam and Hot Water Heating — Pierce, 
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Sewage Disposal — FttUer, 

Public Water Supplies — Tvmeaure and RusseU, 

Sewer Construction — Ogden, 

Sewerage — Fowell, 

Water Power — FrUeU. 

Journal Royal Institution of British Architects — 1910. 

Town Planning in Practice — Unwin, 

Concrete and Steel Construction — Morsch. 

Principles of Wireless Telegraphy — Pierce, 

Chemiker Ealendar. 

Explosives — Brunswig. 

Portland Cement — Butler, 

Corrosisn and Preservation of Iron and Steel — Cuahman and Gardner, 

Concrete Costs — Taylor and Thompson, 

Walls, Bins and Grain Elevators — Ketchum, 

Concrete, Plain and Rekkforced — Taylor and Thompson, 

Masonry Construction — Baker. 

Architectural Engineering — FreUag, 

Commercial and Library Atlas of the World — Hammond, 

Paints and Varnishes — Sabin. 
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SOME LOCAL TRANSPORTATION STATISTICS 

Miles of Track in Philadelphia. 

Pennsylvania R. R 502 .2 

B. & 70.0 

Phila. & Reading RaUway *132.76 

Phila. Rapid Transit Company 660 .0 

Passenger Trains per Day 

Inbound Outbound 

Pennsylvania R. R t^SO fSSO 

B. & 21 21 

Phila. & Reading Railway 229 234 

Freight Trains and Tonnage 

Inbound Outbound 

Cars Tons Cars Tons 

Pennsylvania R. R 658 11,514 749 10,526 

B. & tl5 11,000 tl2 6,000 

Phila. & Reading Railway. ... $79 §56,000 jsi 

The Philadelphia Rapid Transit Company operate approxi- 
mately 2000 surface and 165 elevated cars. 

* There are in addition 215.81 miles of sidings in the city of Philadelphia. 
fThis is the daily average and does not include 45 trains passing through 
West Philadelphia which do not enter Broad Street Station, 
t Trains. 
§ Includes anthracite and bituminous coal. 



Abstract of Minutes of the Club 399 



ABSTRACT OF MINUTES OF THE CLUB 

Business Meeting, June 7, 1913. — ^The meeting was called to order by 
President Taylor at 8:35 P. M., with 57 members and visitors in attendance. 

The minutes of the meeting of May 17th, 1913 were approved as printed 
in abstract. 

Following the report of the Tellers, the President declared that the amend- 
ments submitted to the Club were carried and would be incorporated in the 
By-Laws. 

The Committee on Nominations, consisting of H. E. Ehlers, Chairman, 
Joseph C. Wagner, F. H. Stier, Carl Hering, E. M. Nichols, Thomas C. McBride 
and George T. Gwilliam, appointed by the Board of Orovemors at their meeting 
of May 15th, was accepted. 

Mr. D. Robert Yamall presented the paper of the evening, entitled, "Scien- 
tific Management Applied to the Design and Management of a Modem Valve 
Plant," which was discussed by Messrs. John C. Trautwine, Jr., E. M. Nichols 
and J. E. Gibson. 
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ABSTRACT OF MINUTES OF THE BOARD OF 

GOVERNORS 

SPEaAL Meeting, June 19, 1913. — ^The meeting was called to order at 
8:10 P. M. Present, President Taylor, Vice Presidents Plack and Swaab, 
Directors Vogleson, Haldeman, Gibson, Worley, the Secretary and the Treasurer. 

The Treasurer reported a net gain of $1929.19, as compared with $27.14 
for the same period of last year. 

The Treasurer was instructed to strike the names of William G. Bickell 
and F. K. Wilkinson from the roll as of July 1, 1913, for nonpayment of dues, 
and to charge off their dues from the books. 

Reports of the Finance and House Committees were read and approved. 

The report of the Membership Committee was read, and, in accordance 
with the recommendations of the Committee, the following were elected: 

Active: Willicon C. Greany, Crosby Miller. Associate: A. Morris H»k- 
ness, James F. McCrudden. 

The death of Walter J. Warner was annoimced, and the Treasurer instruct- 
ed to charge his dues off the books. 

The question of rearranging the accounts and the appropriation schedule 
was referred to the Treasurer and Chairman of the Finance Committee, with 
power to act. 

The President and Treasurer were authorized to enter into an agreement 
with the Business Manager, in which the payment of the bonus due the Busi* 
ness Manager be deferred until the annual audit of the books. 

The report of the Business Manager was read and approved. 



Index 401 



INDEX VOLUME XXX 



ABSTRACT of Minutes of the Board of Governors 96, 202, 318, 400 

of the Club 94, 200, 320,399 

Address of the President, Henry Hess 99 

AUyUf Dr. Herman B., Discussion of Smoke Abaemtent 23 

AnderSf Dr., Discussion of Smoke Abatement 25 

Annual Report of the Board of Governors 192 

BaUingeTf WaUer F., Discussion of the Engineer's Interest in Pub- 
lic Land Questions 247 

BlxMf George S., The Importance of Meteorological Data in Engin* 

eering 110 

Bums, Frank, Obituary 189 

Chance, Dr, H. M ., Discussion of The Engineer's Interest in Public 

Land Questions 249 

Discussion of The Sinking and Lining of Shafts 355 
Chester, Rear Admiral C, M., The Panama Canal as it Relates to the 

Treaties 308 

Cheyney, George 8., Discussion of The Importance of Meteorological 

Data in Engineering 119 

€odman, John E., The High Pressure Fire Service 325 

Discussion of The High Pressure Fire Service 337 
Discussion of The Importance of Meteorological 

Canard, W. R., Data in Engineering 114 

Discussion of the High Pressure Fire Service. . . 339 

Conner, Eli T., Discussion of The Sinking and Lining of Shafts 354 

DaUett, W, P^ Discussion of The Importance of Meteorological Data 

in Engineering 120 

Darrach, Charles G., Discussion of The High Pressmre Fire Service 337 

Donaldson, Francis, The Sinking and Lining of Shafts 341 

Discussion of 354 

Z>imZap, i&. ^., Obituary 190 

ENGINEER'S Interest in Public Land Questions, The, by 

Dr. George Otis Smith 239 

Femald, Prof. Robert H., Discussion of Smoke Abatement 27 

Discussion of The Design and Construc- 
tion of the Hydro-Electric Plant at Es- 

tacada, Oregon 388 



402 Ifidex 

Fntz, John, Obituary 18S 

FurbeTf W. C, Discussion of The Planning of City Streets 168 

Discussion of The Sinking and Lining of Shafts 357 

Gibson, J, E,, Suction Gas Producer Puntping Engine vs. Compound 
Condensing Corliss Crank and Fly Wheel Pumping 

Engine , 371 

Discussion of, 389 

Discussion of The Design and Construction of the Hy- 
dro-electric Plant at Estacada, Oregon 

Haldeman, B. A, The Planning of City Streets 143 

Hess, Henry, Stereophoto Surveying 121 

Discussion of The Planning of City Streets 169 

Hibbs, Manton E,, The Unwritten Law 259 

High Pressure Fire Service, The, by John E. Codman 325 

Hydro-Electric Plant at Estacada, Oregon, The Design and 

Construction of the, by Hermann V. Schreiber 359 

Irish, W. M.f Discussion of The Manufacture of Petroleum Pro- 
ducts 186- 

Knawles, Morris, Wise Utilization of Water Resources in Pennsyl- 
vania 207 

Krauss, Edward E., Discussion of The Sinking and Lining of Shafts 357 

Kvhn, Li, Col. J. E., Some Aspects of the Subject of Transportation . . 281 

Ledoux, J. W,, Discussion of Suction Gas Producer Pumping Engine 
vs. Compound Condensing Corliss Crank and Fly Wheel Pump- 
ing Engine ; 388 

Leffmann, Dr. Henry, Discussion of The Importance of Meteorogical 

Data in Engineering 116- 

Library, Additions to 396 

Lvkens, Mr,, Discussions of Smoke Abatement 29- 

Maignen, P. A., Discussion of Sanitary Protection of the Water Sup- 
plies taken from the Great Lakes 90 

Meteorological Data in Engineering, The Importance of, by George 

S. Bliss 110 

McBride, 0. R., Methods and Means of Smoke Abatement 1 

Morris, Henry O., Discussion of Smoke Abatement 27 

Discussion of The High Pressure Fire Service. . . . 338 

Nichols, E. M., Discussion of The Planning of City Streets 171 

Discussion of The High Pressure Fire Service 338 

OBITUARIES, Frank Bums 189 

E. E. Dunlap 19a 

John Fritz 188 

R. A. Shillingford 394 

W.J. Warner 394 



Index 403 

PANAMA Canal as it Relates to the Treaties, by Rear Admiral CM. 

Chester 308 

Papers Scheduled for the Spring Term 191 

Papers Scheduled for the Fall Term 395 

PerkinSf George H,, The International Smoke Abatement Exhibi- 
tion 12 

Petroleum Products, The Manufacture of, by F. C. Robinson 172 

Philadelphia, Some Interesting Facts about 323 

Planning of City Streets, by B. A. Haldeman 143 

Presidential Address 99 

Price, WiUiam T,, Discussion of The Manufacture of Petroleum Pro- 
ducts 186 

Discussion of The Design and Construction of the 

Hydro-Electric Plant at Estacada, Oregon 389 

Qaimby, H, H., Discussion of The Importance of Meteorological 

Data in Engineering 116 

Discussion of The Planning of City Streets 167 

Robinson, F, C, The Manufacture of Petroleirai Products 172 

SANITARY Protection of the Water Supplies taken from the Great 

Lakes, by George C. Whipple 53 

Schreiber, Hermann V., The Design and Construction of the Hydro- 
Electric Plant at Estacada, Oregon 359 

ShiUingfordf R. A,, Obituary 394 

Sinking and Lining of Shafts, The, by Francis Donaldson 341 

Smith, Dr, George Otis, The Engineer's Interest in Public Land Ques- 
tions N 239 

Smoke Abatement, Methods and Means of, by O. R. McBride 1 

Smoke Abatement Exhibition, The International, by George H. 

Perkins 12 

Stereophoto Surveying, by Henry Hess 121 

Suction Gas Producer Pumping Engine vs. Compound Condensing 
Corliss Crank and Fly Wheel Pumping Engine, by J. E. 

Gibson ! . . . . 371 

Swaab, S. M., Discussion of Sanitary Protection of Water Supplies 

taken from the Great Lakes 91 

Discussion of The Planning of City Streets 165 

Discussion of The High Pressure Fire Service 340 

Discussion of The Sinking and Lining of Shafts 354 

TRANSPORTATION, Some Aspects of the Subject of, by Lt. Col. 

J. E. Kuhn 281 

Transportation Statistics, Some Local 399 

Trautwine, John C. Jr. Discussion of the Importance of Meteorolog- 
ical Data in Engineering 114 

Discussion of Wise Utilization of Water Re- 

soiu ces in Pennsylvania 236 

Discussion of The High Pressure Fire Service 337 



404 Index 

UNIT Structural Concrete, The Development of, by C. D. Watson 31 

Unwritten Law, The, by Manton E. Hibbs 256 

Voglescn, J. A., Discussion of Sanitary Protection of Water Supplies 
taken from the Great Lakes 03 

Warner, TT. J., Obituary 394 

Water Resources in Pennsylvania, Wiae Utilization of, by Morris 

Knowles 207 

Watson J C. Z>., The Development of Unit Structural Concrete 31 

WebsieTf George S., Discussion of The Planning of City Streets 166 

WhtpplCf George C, Sanitary Protection of the Water Supplies taken 

from the Great Lakes 53 

Discussion of Sanitary Protection of the Water 

Supplies taken from the Great Lakes 91 

Wood, A, C, Discussion of Suction Gas Producer Pumping Engine 

vs. Compound Condensing Corliss Crank and Fly 
Wheel Pumping Engine 390 



THE ENGINEERS' CLUB OF PHILADELPHIA 

1317 apruoe Street 



OKKICERS KOR 1G13 



President 
W. PURVES TAYLOR 

Vice-Presidetifs 
Term Expires 1913 Term Expires 191 A 

W. L. PLACK CHARLES F. MEBUS 

Term Expires 1916 
S. M. SWAAB 

Secretary Treasurer 

EDW. E. KRAUSS J. REESE BAILEY 

Directors 
Term Expires 1914 Term Expires 1915 Term Expires 1916 

R. G. DEVELIN H. C. BERRY J. E. GIBSON 

RICHARD GILPIN B. A. HALDEMAN H. CLYDE SNOOK 

J. A. VOGLESON S. M. SWAAB MORTON E. HIBBS 

HENRY HESS D. ROBERT YARNALL J. FRANK WORLEY 

Trustees of the Bond Redemption Fund 
Henry Leffmann, Chainnan Edgar Marburq £k>wiN F. Smith 



STANDING COMMnTEBS 



House — F. K. Worlbt, W. L. Place, J. A, Voglbson, G. F. Pawling, H. A. 
Moore. 

Meetings — S. M. Swaab, B. A. Haldeman, D. R. Yarnall, J. B. McCord, W. 

C. FURBER. 

Afe7?i6erfiAip— Chas. F. Mebus, R. G. Deveun, H. C. Snook, H. H. Quimbt, 
W. P. Dallett. 

Finance — J. A. Vogleson, Chas. F. Mebus, S. M. Swaab, Henrt Hess, J. M. 
Dodge. 

Publication — M. E. Hibbs, J. E. Gibson, Richard Gilpin, G. W. Hyde. 

Library — B. A. Haldeman, H. C. Berry, W. C. Furber, F. N. Morton, A. 
L. Magitlon. 

Publicity — ^J. R. Bailey, D. R. Yarn all, F. K. Worley, G. T. Gwilliam, 
H. B. Allen. 

Advertising — M. E. Hibbs, J. E. Gibson, Richard Gilpin, G. W. Hyde. 

MEETINGS 

Annual Meeting — Ist Saturday of February, at 8:15 p. m. 

Stated Meetings — 1st and 3d Saturdays of each month, at 8:15 p. m., except 
between the fourteenth days of June and September. 

Business Meetinas — When required by the By-Laws, when ordered by the Presi- 
dent or Board of Directors, or on the written request of twenty-ive Voting 
Members of the Club. 

The Board of Directors meets on or before the 3d Saturday of each month, ox* 
cept June, July and August. 



Professional Cards 



SHALL we put your 
professional card 
in this space next 
time? 

M. E. HI BBS 

ChairniAii 
Publication Committee 

i3i7 Spruce St. Philadelphia, Pa. 



Walsh Packinq Co. 
ph1x.ai>ei-,phia, pa. 



XA.NurAcrn7HKRS or 



• 9 9 



" Walsh Metal FaceTackinQ 

The grbatest hydraulic packing 
on the market 

Walsh Combination Boiler Gaskets can be 
used from lo to 30 times. 



A LBRIGHT & MEBUS 

•** CIVIL ENGINEERS 

908 Und Titl« BuUdinc PHILADELPHIA 

Sewerage, Sewage Disposal* 

Municipal Improvements, 
Examinations, Reports, Flans, 

Construction Superintended 




CHESTER, PA. 



BERGER 

TRANSITS and LEVELS 



For State and Boundary 
line surveys, city work 
and all classes of work 
requiring the highest de- 
gree of accuracy. 

Send for Catalogue 

C. L. Berger & Sons 

37William5 St.. 
BOSTON, MASS. 




THE GENERAL 
CRUSHED STONE CO. 

General Offices— EASTON, PA. 



Qnarrks at 

Korth LeRoy. Geneaaee Co., 

N.Y. 
Akron. Erie Co., N. Y. 
Hendlers. Luzerne Co., Pa. 
White Haven. Luzerne Oo. 

Pa. 
Redington.Northampton Oo. 

Pa 
Rock Hill. Buck* Oo.,Pa. 
Glen Mills. Del. Oo., Pa. 



Material DaifyCap. 

Limestone 2000 tons 

Limestone 1200 tons 

Quartzite 1500 tons 

Sandstone 600 tons 

bolemite 1200 tons 

Trap 1200 tons 

Trap IfiOO tons 



Philadelphia Offic*: 
Franklin Bank Building 



A dBBrlUemerUt. 



Interested in Back Pressure Valves? 

Thk cochbahe MULTiPOBTpoMesse. one big ad- 
raomge over all olh*r»— il li saftr-abBQlutely B.ft. 
InMcad of having one u™ disk it has Kreral ■ 



''^^gintrrixg Bovkltl No. ii tells about the valvea 
and No. 13 about the MetcriDK HMt«. Both belong 
in yout file. See that they get there. 

HARRISON SAFETY BOILER WORKS 



LABOR SAVING MACHINE TOOLS 

Boring* Drilling &Bor- 

Turning Mills inglWachlne 

Tool Qrinders Planers 

Drill Grinders 5'°"»'' 

. . . Steam 

Ax e Lathes „ 

Hammers 

Wheel Lathes Sand Mixers 

CRANES-POWER TRANSMISSION- INJECTORS 

The DeFrain Sand Company 
Building Materials 

Beach and Berks Streets 

w»ARv««|"=^«;^f^^^' ,'.!■«=" Yi.''K'.ul''Bive. Philadelphia 

DELIVeRIES BY BAROE, RAfU OR TEAM 



AdvertiaemenU, 



TO A DVE RTI S E R S 



The 1913 Directory of 

THE ENGINEERS' 

CLUB of Philadelphia 

WILL BE ISSUED JULY 31, 1913 




For space and rates address M. E. HIBBS 
Chairman Publication Committee 

or EDW. E. KRAUSS. Secretary 

1317 SPRUCE STREET. PHILADELPHIA. PA. 



The Intelligencer Printing Co. 

LANCASTER, PENNSYLVANIA 



"J'^S BOOKS 

CATALOGUES 
PERIODICALS 



m 



MONOTYPE AND LINOTYPE TYPESETTING MACHINES 



'Philadelphia Repreaentatioe : 



ROLLAN'D :XC. HUNTEIt 

1002 Ileal Ettalt Tnat BulUlng :.- 



Elephant Brand 



PHOSPHOR BRONZE 



AdvertisemenU. 



Engineering Recgrd 

AutksrIUitIvs •«< •xhaustlvs •n all ff«atur«s •! 

MUNICIPAL ENGINEERING 

BRIDGE AND STRUCTURAL ENGINEERING 

MILL AND POWER ENGINEERING 

RIVER AND HARBOR IMPROVEMENTS 

. RAILWAY LOCATION AND CONSTRUCTION, and the 

DESIGN AND HANDLING OF THE PLANT FOR BUILDING 
WORKS CLASSIFIED UNDER THESE BRANCHES 



Weakly: $3.00 a Yaar 



239 WEST 39th STREET, - - - - NEW YORK 

lEIL ESTATE TIOST BUILDIN8, • • - PRIUDELPHIA 



Industrial Engineering 

fl The paper that tells you how to reduce 
the costs of manufacture. Deals with 
every phase of shop operation. It is the 
only recognized authority on Scientific 
Management. Edited by William Kent, 
author of the Mechanical Engineers' 
Pocketbook. 

Published Monthly by 

The Technical Literature Co. 

120 W. 32d Street New York 



6 



Advertiaemenis. 



Ofganized in 1877 

THE ENGINEERS^ CLUB 

OF PHILADELPHIA 
Present House^ I3J7 Spruce Street 

WAS Opeoed December^ S908 

Club Meetings are held on the first and third Saturday evenings of 
each month, to which Engineers visiting in Philadelphia are invited. 

The Proceedings of the Clnb are published Quarterly. 

A first-class Restaurant is maintained in the House, and a 
number of Rooms are available for the use of members and guests. 



**Websterizing 



w 



That's the term used by a friend to express the peculiar 
efficiency given a steam plant by the use of 

WEBSTER STEAM APPUANCES 

It means either giving increase of power or producing 
the same power for less cost ; it means heating the feed- 
water to the highest point by using only part of the 
exhaust ; modulating the heat in any room at pleasure ; 
and doing all this and more with the simplest outfit, at 
less cost than in any other way. 

Write for booklet 29-G, and learn how to *'Websterize.'' 

WARREN WEBSTER & CO. 

Camdeiiy N. J. 

Philadelphia Office— 1105 Stephen Girard Building 



AdvertiaemenU. 



Engineering News 



THE LEADER IN 

Ouality of Technical Matter Published. Advance News of Con< 
struction. Average Weekly Paid Circulation. Quality and 
Quantity of Advertising. Weekly Proposal Advertis- 
ing. Weekly For 5ale and Want Advertising. 



Published Every Thursday $5.00 a Year 

$3.50 for Six Months 
Trial Subscription, Ten Weeks for $1.00 

WRITE FOR FREE SAMPLE COPY 



THE ENGINEERING NEWS BOOK DEPARTMENT 
publishes a number of Standard Technical Books and Specifications, 
and is also prepared to supply promptly, on receipt of price, any 
books of a technical or general nature other than those of its 
own publication. 



5end for Catalogue 



The Engineering: News PublishingCotnpany 

M3 BROADWAY, NEW YORK 



8 AdvertUemenU. 



Bustnett EaUblished 1826 

RICHARD G. W(X)D. J. R JONES, 

President Vice-President and Treasme.' 

WM. W. LUKENS. Secretary and Asst Treasurer 

Alan Wood 

Iron and 

Steel Company 



MANUFACTURERS OF 

Basic Open Hearth Steel Billets, Blooms, 

Slabs, Black and Galvanized Iron 

and Steel Sheets and Plates 



SPECIALTIES : 

Locomotive Jacket* Blue Annealed, Bath Boiler, Swede and Norway Sheets, 
Gas Holder, Corrugated, Best Bloom, A. W. Clean, M. F., Cold Rolled 
Sheets, Pickled and Cold Rolled Sheets, Electrical Iron and Steel, Best 
Last, Water Pipe and Light Plates. 

"A. W. DIAMOND" and "A. W. RIBBED" PATTERN 
ROLLED STEEL FLOOR PLATES 

Sizes Furnished on Application. 

Morris Building Philadelphia 



AdvertisemenU. 9 



THE 

ENGINEERING 
MAGAZINE 



ENGMEERSSUKIBUIIDUIS & 



The Enginbbring Magazine publishes the best 
original articles by the highest authorities on all phases 
of current engineering progress. 

Additional and exclusive features are: A Review 
and Topical Index to the current contents of nearly two 
hundred engineering and industrial journals ; Current 
Record of New Technical Books ; Industrial News ; 
latest Improved Machinery and new Trade Literature. 

Ask for sample copy and descriptive circular. 



THE 

ENGINEERING 
MAGAZINE 

140-143 Nassau 5t., New York 



Adeeriitementi 



81% Re -orders 

Proves the 
Success 
of the 

SIMPLEX 

Seatless 

Blow-Off 

Valve 

qjest one or 
more right in 
vour own Plant, 
for 

60 DAYS' 

===== FR££ TRIAL 



^n^i» thB ]<™« you corapieie 
™i.'^i;i"'?.ck! description and 

■"iTiii^uMk tiaSi line, "The BIow- 
vsjve. Off" 

WRITE VS NOW 

It Takes Ooly Five Miante* to Slop 
tke Worst Pipe Leak With a 

SIMPLEX 

Pipe - Joint Olanip 

and it'll save you hours .^pent in 
taking down a pipe line — save 
yoti trouble and expense — 
because it makes a permanently 
tight joint. 

4 Let ua lend you a Simplex on 
30 dnys' free trial. 

Write To-Day For Bookitt 

Yarnall -Waring Co. 

CheilBdt Hill 
Philadelphia 



AdverlitemtnU. 



JUST send 2S cents 
for four months' 
trial subscription 

The iHDosntui AUfiizuoE 



Vulcanite 
Portland Cement 



The Brand with a 
Reputation 

Land Title Building 
Philadelphia 



L 



-» 



I ) • . 



PHOENIX PORTLAND CEMENT 



THESE I 

* the I 



Uedcs wee cut fnm 

the Eart Abutment of die 
R B. & W. R. R. Bridge et Petry- 
v31% M<L Tbe CdDcrete wm 
Midune mixetl tn the proportiont 
of 1-2-5 and placed in the Abut- 
_..__. ment oo Juuiuy 18, 1905, and 
M-MMfBudi wa* made ol Flwenix Portland 

Cement, Wilmington Sand and _ „ 

Port Dqntit Granite The»e tlocb were ^.StaJ^'SI^^ it * 
tested at Columbia Univernty. April 22, 1903. cnck-thmulicmve. 

. • Ity of iba BWchMa 

AUMULLBN & MclWRnOTT- T. KBNNARO THOMSON 

Park Row Bulldlag, Na w York, Contractara EnglaMr far Contractor* 



.< tncbCabe 



WM. Q. HARTRANFT CEMENT CO. 

SOLE SetLINQ AQfiNT 
Real Estate Trust Building Philadelphia, Penna. 



DEXTER f 




CEMENT 


>ORTLAND 


EVERY BAQ ALIKE 


UNEQUALLED 


i 


THE niOHEST 


FOR REINFORCED 




STANDARD 


CONCRETE 


SOLE AQENTS 


ATTAINABLE 


SAMUEL H 


FRENCH & 


COMPANY 


York Ave., Fourtb And CiHawMII SU.. 


FhlU<elpM.,U.S.A. 




EitablUkcd 1544 





